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PREFACE 
I n  r e l a t i o n  t o  t h e  t e n t h  s e s s i o n  o f  t h e  World Energy Confe rence  
(WEC) i n  I s t a n b u l ,  September 1977,  t h e  C o n s e r v a t i o n  Commission.  
s p o n s o r e d  t h r e e  i n d e p e n d e n t  s t u d i e s  o f . t h r e e  i n d e p e n d e n t  g r o u p s  
o f  wor ld  e x p e r t s  f o r  a s s e s s i n g  f o s s i l  r e s o u r c e s  and  r e s e r v e s  o f  
c o a l ,  o i l ,  and  g a s ,  and  t h e i r - p o s s i b l e  maximum p r o d u c t i o n  u n t i l  2020 
( b a s e d  on t e c h n i c a l  and  economic c o n s i d e r a t i o n s ,  b u t  e x c l u d i n g  
p o l i t i c a l  o n e s ) .  
These t h r e e  s t u d i e s  c a n  be c o n s i d e r e d  b a s i c  documents  r e g a r d i n g  
e n e r g y  r e s o u r c e s  and  r e s e r v e s .  They r e p r e s e n t  t h e  c u r r e n t  t h i n k i n g  
o f  t h e  m a j o r i t y  o f  e x p e r t s  i n  t h i s  f i e l d .  Compared t o  o u r  a s s e s s m e n t  
s t u d i e s  on e n e r g y  r e s o u r c e s  a t  IIASA, I would p e r s o n a l l y  r a n k  them 
as g e n e r a l l y  c o n s e r v a t i v e  (some o f  o u r  f i g u r e s  are s e n s i b l y  h i g h e r ) .  
A s  a consequence ,  t h e  c o n c l u s i o n s  t h a t  can  be drawn from t h e s e  
s t u d i e s  can  a l s o  b e  c o n s i d e r e d  c o n s e r v a t i v e .  
A l t h o u g h ' t h e s e  e x e c u t i v e  summaries are  n o t  y e t  t h e  f i n a l  
documents,  t h e y  have  been  b r o a d l y  d i s t r i b u t e d  f o r  comments. 
Because  o f  t h e i r  i m p o r t a n c e  p e r  se, and f o r  o u r  Energy Systems 
Program, 2 a r t i c u l a r l y  i n  r e l a t i o n  t o  a 35 TW demand s c e n a r i o  
f o r  t h e  wor ld  i n  t h e  y e a r  2030, I have  t h o u g h t  it mandatory t o  
summarize them v e r y  b r i e f l y ,  and t o  draw some s y n t h e t i c  c o n c l u s i o n s  
f o r  o u r  cjwn x e s o u r c e s  Group i n  t h e  Energy Systems Program. 
iii 

ABSTRACT 
T h i s  i s  a rev iew o f  t h e  major  f i n d i n g s  on c o a l ,  o i l ,  and g a s  
r e s o u r c e s  o f  t h e  t h r e e  independen t  g roups  o f  e x p e r t s  o f  t h e  World 
Energy Commission which were p r e s e n t e d  t o  t h e  Tenth World Energy 
Conference  (WEC) a t  I s t a n b u l  i n  September 1977. 
These a s p e c t s  are p u t  i n  p e r s p e c t i v e  w i t h  t h e  c u r r e n t  
t h i n k i n g  on f o s s i l  r e s o u r c e s  o f  t h e  Resources  Group o f  t h e  Energy 
Systems Program, and are used t o  estimate some p o s s i b l e  f u t u r e  
f o s s i l  p r o d u c t i o n  i n  r e l a t i o n  t o  a 35 TW demand s c e n a r i o  used 
i n  t h e  Program. 
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INTRODUCTION 
For  t h e  IIASA Energy Systems Program, whose p a r t i c u l a r  
i n t e r e s t  i s  t h e  t r a n s i t i o n  from a f o s s i l  f u e l  based  energy  
economy t o  a  n o n f o s s i l  f u e l  economy ( n u c l e a r ,  the rmonuc lea r ,  
s o l a r ,  and geothermal  e n e r g i e s ,  o r  an op t imized  mix o f  t h e s e ) ,  
a  r e l i a b l e  a s sessment  o f  f o s s i l  r e s e r v e s  and r e s o u r c e s  i s  a 
b a s i c  r equ i rement .  Such e v a l u a t i o n s  a r e  p u b l i s h e d  i r r e g u l a r l y  
and v a r y  i n  v a l u e  and c r e d i b i l i t y .  Moreover, t o  a g g r e g a t e  them 
i s  e s p e c i a l l y  d i f f i c u l t  because  o f  t h e  d i f f e r e n t  o r i g i n s  o f  t h e  
s t u d i e s  and t h e  l a c k  o f  common g u i d e l i n e s  f o r  e s t a b l i s h i n g  
such e v a l u a t i o n s .  
For  t h e  t e n t h  s e s s i o n  o f  t h e  World Energy Conference ,  h e l d  
i n  I s t a n b u l ,  September 19-23, 1978, t h e  Conserva t ion  
Commission o f  t h e  World Energy Conference sponsored  v a r i o u s  
s t u d i e s  on energy r e s o u r c e s  and demand. Three o f  them a r e  o f  
p a r t i c u l a r  impor tance  f o r  o u r  purpose:  
- R6por t  on Coal R e s o u r c e s ,  1985 t o  2020, E x e c u t i v e  
Summary by W. Peters and H.-D. S c h i l l i n g ;  
- Repor t  on O i l  R e s o u r c e s ,  1985 t o  2020, E x e c u t i v e  
Summary by P. D e s p r a i r i e s ;  
- The Fu ture  f o r  World Na tura l  Gas S u p p l y ,  F i n a l  D r a f t  
Repor t  by W.T. McCormick, Jr. e t  a l .  
The q u a l i t y  o f  t h e  groups  o f  e x p e r t s  who performed t h e s e  
s t u d i e s  vouches f o r  t h e i r  impor tance .  So it was t h o u g h t  most 
r e l e v a n t  t o  perform a d e t a i l e d  a n a l y s i s  o f  t h e  t h r e e  r e p o r t s ,  
t o  compare o u r  own a s s e s s m e n t s  w i t h  t h e i r s ,  t o  u n d e r s t a n d  t h e i r  
p o s s i b l e  l i m i t a t i o n s ,  and t o  check v e r y  c a r e f u l l y  how t h e y  
c o u l d  be  used i n  o u r  own Energy Program. Our s p e c i a l  g o a l  h a s  
been t o  see how, w i t h  minor m o d i f i c a t i o n s ,  t h e y  c o u l d  b e  used 
a s  a  b a s i s  f o r  c a l c u l a t i n g  t h e  n e c e s s a r y  i n p u t s  f o r  t h e  modeling 
e f f o r t s ,  pending o u r  own i n p u t s  t o  b e  p rov ided  by t h e  ENERDYM 
Model. 
* Quotations f m  the World Energy Conference (WEC) studies are in italics; 
any o b s w a t i o n s  the author of the present papam has added to t h e n  are 
print& u p  ight . 
I t  was cons ide red  t h a t  t h i s  c a r e f u l  review work cou ld  be 
o f  i n t e r e s t  t o  t h e  members o f  t h e  Energy Program i n  g e n e r a l ,  a s  
w e l l  a s  t o  t h o s e  d e a l i n g  s p e c i f i c a l l y  w i th  energy r e sou rce s .  
RESOURCES 
Coal Resources 
Th i s  s t udy  was performed by W. P e t e r s  and H.  D. S c h i l l i n g ,  
w i t h  t h e  a s s i s t a n c e  o f  W. P i c k h a r d t ,  D.  Wiegand, and R. Hi ldeb rand t ,  
from Bergbau-Forschung GMbH, C e n t r a l  Research and Development 
I n s t i t u t e  o f  t h e  Hard Coal Mining I n d u s t r y  o f  t h e  Fede ra l  
Republ ic  o f  Germany [ l ]  . 
Major Conc lus ions  
P r e s e n t - d a y  g e o l o g i c a l  w o r l d  c o a l  r e s o u r c e s  a r e  
e s t i m a t e d  a t  more t h a n  10,000 x  10' t o n s  o f  c o a l  
e q u i v a l e n t  ( t e e )  .... The w o r l d  p o s s e s s e s  abundan t  
c o a l  o c c u r r e n c e s ,  w h i c h  a r e  r a t h e r  w e l l  d i s t r i b u t e d  
o v e r  t h e  v a r i o u s  r e g i o n s  o f  t h e  g l o b e .  One may a l s o  
assume,  i n  a d d i t i o n  t o  c u r r e n t l y  e s t i m a t e d  r e s o u r c e s  
and r e s e r v e s ,  t h a t  t h e r e  i s  a  c o n s i d e r a b l e  " p o t e n t i a l  
b e h i n d  t h e  p c t e n t i a l " .  
T h e s e  c o a l  r e s e r v e s  c u r r e n t l y  e s t i m a t e d  a s  
t e c h n i c a l l y  and e c o n o m i c a l l y  r e c o v e r a b l e  amount t o  
c .  640 x 10' t e e . . . .  S i n c e  t h e  p o t e n t i a l  o f  t h e  c o a l  
r e s e r v e s  i s  s o  huge ,  and a s  we can  e x p e c t  t h e  p r i c e  
o f  e n e r g y  t o  r i s e  o n  t h e  m a r k e t ,  i t  i s  v e r y  l i k e l y  
t h a t  t h e  f i g u r e  o f  600 x  10' t c e  w i l l  d o u b l e .  * 
A c c o r d i n g  t o  t h e  p r e s e n t  p l a n n i n g  o f  t h e  c o a l  
p roduc ing  c o u n t r i e s  and ,  a l s o ,  a d d i t i o n a l  e s t i m a t e s  
b a s e d  p r i m a r i l y  o n  p r e s e n t  c o a l  r e s e r v e s ,  i n  t h e  
y e a r  2020 a  w o r l d  c o a l  p r o d u c t i o n  o f  8 .  7 x  10' t c e  
c o u l d  be  a c h i e v e d ,  i f  t h e  n e c e s s a r y  a c t i o n s  a r e  t a k e n  
i n  t i m e .  . . and  f o r  a  l o n g  t i m e  a f t e r  t h a t  an  i n c r e a s i n g  
c o a l  c o n s u m p t i o n  c o u l d  b e  a  p r a c t i c a l  r e a l i t y .  T h i s  
l e v e l  o f  p r o d u c t i o n  would  mean more t h a n  t r i p l i n g  
t o d a y ' s  w o r l d  c o a l  p r o d u c t i o n  and would r e q u i r e  an 
a v e r a g e  a n n u a l  g rowth  r a t e  o f  2 . 6%.  
* Before 2020. 
In fact, the study seems reasonably optimistic concerning 
the resources and reserves--and the possibility to still increase 
both with a better geographic distribution--and less optimistic 
(even a little pessimistic) on the production capability 
because of a number of constraints: manpower (miners and engineers), 
infrastructure and transportation facilities, environmental 
problems, present insufficient development of potential markets, 
and long lead times. However, one should at the same time make 
it clear that these obstacles can be removed, provided that 
appropriate action is taken. These factors most generally affect 
developed countries*, and much less "newcomers" like Australia and 
South Africa, etc., who claimed at Istanbul that they had no 
practical limit on production, assuming they would get the long-term 
contracts needed to justify the investment. 
It is also worth mentioning that until now most of the 
coal producing countries have planned the development of 
their production capacity on their own national demand, and 
not--or not yet!--on a possible increase of exportation, with 
average quotas between about 7 and 9 per cent of the production 
figures. This could change if a real coal importing market were 
progressively emerging. However, here is a problem underlined by 
the authors: 
A t  p r e s e n t ,  t h e  main problem seems t o  be  t h a t  
p o t e n t i a l  m a r k e t s  f o r  coa l  a re  n o t  y e t  s u f f i c i e n t l y  
b e i n g  deve loped ,  s i n c e  o t h e r  energy  s o u r c e s  s t i l l  a re  
p l z n t t f z l  and c f f e i - e d  o t  lower p r i c e s .  2'Jzis uy u i f c  
l e a d s  t o  a  l a c k  o f  w i l l i n g n e s s  on t h e  par t  o f  
p o t e n t i a l  i n v e s t o r s  t o  commit t h e m s e l v e s  t o  t h e  
d e v e l o p ~ 2 n t  o f  c o a l .  
Cons ider ing  t h e  long l ead  t i m e s  r e q u i r e d  f o r  an 
e x t e n s i v e  p r o d u c t i o n  and use  o f  c o a l  (and t h i s  i n c l u d e s  
p o l i c y  d e c i s i o n s ,  i n v e s t m e n t  commitments,  c o a l  mine 
deve lopmen t ,  t r a n s p o r t a t i o n ,  e t c . ) ,  one cannot  
mere ly  r e l y  on a  f u t u r e  marke t  which  might  be  more 
f a v o r a b l e  t o  c o a l .  
A c t i o n  must  be t a k e n  now, i f  t h e  maximum use  o f  
t h e  p o t e n t i a l  o f f e r e d  by coa l  i s  t o  be  made. T h e r e f o r e ,  
a p p r o p r i a t e  p o l i c y  d e c i s i o n s  by governments  and by coa l  
consumers are  i m p e r a t i v e .  These d e c i s i o n s  shou ld  be 
aimed t o  e n a b l e  p o t e n t i a l  c o a l  consumers t o  commit 
t h e m s e l v e s  t o  long- term c o n t r a c t s .  T h i s ,  a g a i n ,  would 
e n a b l e  and encourage p o t e n t i a l  i n v e s t o r s  t o  commit 
t h e m s e l v e s  i n  t i m e ,  and w i t h o u t  u n a c c e p t a b l e  r i s k s ,  
t o  t h e  n e c e s s a r y  deve lopment  o f  c o a l .  
Clearly, this points to the necessity of a long-term 
(global) energy policy. 
* And especially a country like the FRG, which has uniquely 
reviewed damward its coal reserves. This can explain SOE 
of the latent pessimism of the authors. 
Coming back t o  r e sou rces  and r e s e r v e s ,  which i s  o u r  main 
i t em of  i n t e r e s t ,  it i s  very impor tan t  t o  n o t e  t h a t  t h e  
s u c c e s s i v e  assessments  by t h e  World Energy Conference a r e  
r a p i d l y  i n c r e a s i n g ,  a s  shown i n  Table 1. 
Table  1. Comparison of  WEC e s t i m a t e s  o f  c o a l  
r e s o u r c e s  and r e s e r v e s .  
Year Geolog ica l  Techn ica l l y  and Reserves Expressed 
Resources Economically a s  Percen tage  
10 t c e  Recoverable Reserves of Resources % 
WEC 1974 8603 473 5 .5  
WEC 1975 9045 560 -6.2 
WEC 1977 10126 637 6.3 
I t  i s  t o  be s e c n  t h a t  b o t h  t h e  g e o l o g i c a l  
r e s o u r c e s  and t h e  r e s e r v e s  a r e  f o l l o w i n g  an upwa12d 
t r e n d ,  t h e  jump i n  t h e  r e s o u r c e s  be tween  1376 and 
t h e  c o m p i l a t i o n  o f  t h i s  r e p o r t  ( A u g u s t  2977) ,  
namely a p p r o x i m a t e l y  1012 t e e ,  b e i n g  'a r e l a t i u e t y  
l a r g e  one .  However, t h e  g e o l o g i c a l  r e s o u r c e s  and 
t h e  t e c h n i c a l l y  and e c o n o m i c a l l y  r e c o v e r a b l e  r e s e r v e s  
a r e  i n c r e a s i n g  n e a r l y  i n  t h e  same r a t i o * .  One o f  
t h e  r e a s o n s  f o r  t h e  h i g h e r  f i g u r e s  i s  a p p a r e n t l y  
t o  be found i n  t h e  f a c t  t h a t  many c o u n t r i e s ,  f o l l o w i n g  
t h e  changes  i n  t h e  energy  economy s i t u a t i o n  i n  t h e  
years  29 73/29  74, have c a r r i e d  o u t  a  r e - e v a l u a t i o n  
o f  t h e i r  c o a l  r e s o u r c e s  ( e s p e c i a l l y  o f  t h e  r e s o u r c e s ) .  
This  p roces s  i s  f a r  from ended. I f  we make new a d d i t i o n s  
t o  r e sou rces  and r e s e r v e s  i n  new c o a l  c o u n t r i e s ,  t h i s  s u p p o r t s  
-
one of  t h e  f i n a l  s t a t e m e n t s  o f  t h i s  s t udy  mentioned above, t h a t  
it i s  very l i k e l y  t h a t  t h e  p r e s e n t  f i g u r e  of  600 x 10' tce 
w i l l  double  ( p o s s i b l y  i n  t h e  coming decade ) .  
* Reserves are even increasing sl ightly faster  than the 
resources, according to the figures. 


Regarding t h e  r e a l i t y ,  o r  b e t t e r ,  t h e  r e l i a b i l i t y  of t h e  
f i g u r e s ,  t h e  a u t h o r s  s t a t e :  
P r a c t i c a l l y  a l l  t h e  d a t a  g i v e n  were  accompanied  
w i t h  p a r t i c u l a r s  on seam t h i c k n e s s  and d e p t h ,  w h i c h  
i n  p a r t  s h o u l d  be  r e g a r d e d  a s  r e a l i s t i c  under  t h e  v i e w  
p o i n t  o f  e x t r a c t a b i l i t y .  I n  many i m p o r t a n t  c o u n t r i e s ,  
t h e  d a t a  g i v e n  on  t h e  r e s o u r c e s  a r e  moreover  c l e a r l y  
b e l o w  t h e  d a t a  t h a t  a p p l y  t o  o c c u r r e n c e s , . ~ ~  t h a t  t h e  
f i g u r e  o f  a p p r o x i m a t e l y  10,000 x  10' t c e  a r e  w i t h i n  
an  o r d e r  o f  m a g n i t u d e  t h a t  can  be r e g a r d e d  a s  
r e a l i s t i c  f o r  t h o s e  r e s o u r c e s  t h a t  may some day  be  
o f  economic  i n t e r e s t  f o r  t h e  p o p u l a t i o n  o f  t h e  w o r l d .  
I n  v i e w  o f  t h e  i n s u f f i c i e n t  d e g r e e  o f  e x p l o r a t i o n  i n  
many a r e a s  o f  t h e  w o r l d ,  t h i s  f i g u r e  m i g h t  r e p r e s e n t  
a  l ower  l i m i t .  The c o n c l u s i o n  c a n  be  drawn from t h e s e  
f a c t s  t h a t  t h e  c a t e g o r y  c o m p r i s i n g  t h e  p r e s e n t  
t e c h n i c a l l y  and e c o n o m i c a l l y  r e c o v e r a b l e  r e s e r v e s  h a s  
s t i l l  a  f u r t h e r  c o n s i d e r a b l e  e n l a r g e m e n t  p o t e n t i a l .  
I j u s t  want t o  g o i n t  o u t  t h e  f a c t  t h a t  t h i s  a l r e a d y  
enormous 10,000 x  10 tce i s  probab ly  a  lower  l i m i t ,  and t h a t  
i f  i n s u f f i c i e n t  e x p l o r a t i o n  ( e s p e c i a l l y  i n  many d e v e l o p i n g  
c o u n t r i e s  where e x p l o r a t i o n  i s  n o n e x i s t e n t )  gave way t o  
more developed e x p l o r a t i o n ,  a n  improvement i n  t h e  g e o g r a p h i c a l  
d i s t r i b u t i o n  of  t h e  d i s c o v e r y  o f  r e s o u r c e s  and r e s e r v e s  
would r e s u l t .  T h i s  was t h e  main c o n c l u s i o n  o f  my own s t u d y  a t  
IIASA a b o u t  t w o  y e a r s  ago  he Second S t a t u s  Repor t  [2 i ) . 
T a b l e  2  g i v e s  c o a l  r e s o u r c e s  and r e s e r v e s ,  broken down 
a c c o r d i n g  t o  c o n t i n e n t $  and c o u n t r i e s .  
O i l  Resources  
-
T h i s  s t u d y  was p r e p a r e d  by P i e r r e  D e s p r a i r i e s ,  Chairman 
o f  t h e  Board, I n s t i t u t e  F r a n c a i s  du P e t r o l e .  For  t h e  f i r s t  
t i m e ,  a s  f a r  a s  w e  know, P i e r r e  D e s p r a i r i e s  performed a  
De lph i  a n a l y s i s  among v a r i o u s  e x p e r t s  o f  t h e  o i l  i n d u s t r y :  42 
q u e s t i o n n a i r e s  w e r e  s e n t  o u t ,  29 r e p l i e s  w e r e  r e c e i v e d ,  
i n c l u d i n g  2  from p u b l i c  a u t h o r i t i e s ,  18  from o i l  companies,  
9  from independen t  e x p e r t s  and c o n s u l t a n t s ;  20 r e c e i v e r s  answered 
b o t h  series o f  q u e s t i o n n a i r e s  [ 3 ] .  
Maior ~ o n c l u s i o n s *  
( T h e  f i g u r e s  g i v e n  be low  and a l s o  t h e  c u r v e s  o f  max i -  
mum p r o d u c t i o n  d e r i v e d  from them a r e  a n  e v a l u a t i o n  o f  t e c h -  
n i c a l  maxima i n  r e s p e c t  o f  wha t  n a t u r e  and a v a i l a b l e  t e c h -  
n o l o g y  w i l l  make i t  p o s s i b l e  t o  produce  w i t h i n  t h e  l i m i t  
o f  a  c o s t  p r i c e  i n c r e a s i n g  up t o  $20 ( 1 9 7 6 )  p e r  b a r r e l  i n  
t h e  y e a r  2000, a s suming  t h a t  a l l  c o n d i t i o n s ,  and e s p e c i a l l y  
i n a n c i a l  and po l i  t i c a l  c o n d i t i o n s ,  a r e  f a v o r a b  l e ;  t h e y  do 
{o  t c o n s t i t u t e  p r o d u c t i o n  f o r e c a s t s  o r  p r e d i c t i o n s ) .  
* Unlike other studies on ultimate o i l  reserves, the Delphi 
study does not include past d a t i v e  production; for  
comparisons, t h i s  has t o  be added (about 45 G t )  . 
~ l t h o u g h  t h e y  a r e  d i f f e r e n t  i n  n a t u r e ,  t h e  o i l  s t u d y  
a s  w e l l  a s  t h e  c o a l  and g a s  s t u d i e s  have r e s e r v a t i o n s  a b o u t  
t h e  p o s s i b i l i t y  o f  a c h i e v i n g  t h e s e  maximum p r o d u c t i o n  c a p a c i t i e s .  
However, i n  t h e  p r e s e n t  p o l i t i c a l  and i n s t i t u t i o n a l  c l i m a t e  
p r e v a i l i n g  a l m o s t  everywhere  i n  t h e  Western w o r l d ,  t h i s  
c a u t i o n  can u n f o r t u n a t e l y  b e  a p p l i e d  t o  k i n d  bf  ene rgy  
r e s o u r c e  1 
U l t i m a t e  recoverczblz  r e s o u r c e s  worldwide 
remaining  t o  be produced as  o f  1977, suppos ing  
t h a t  t h e  p r e s e n t  r e c o v e r y  r a t e  o f  25% i s  r a i s e d  t o  
4 0 %  towards she end o f  t h e  c e n t u r y ,  have been  
e s t i m a t e d  by a l l  t h e  2 8  e x p e r t s  as  260 G t  
approz imabely  w i t h o u t  c o u n t i n g  deep o f f s h o r e  and 
'. 
t h e  po lar  ylegzons, which a r e  s t i l l  c l a s s i f i e d  a s  
u n c o n v e n t i o n a l  pe tro leum;  i n c l u d i n g  t h e s a  t h e  e s t i m a t e  
i s  300  G t .  
I f  we 7 i m i t  our  a n a l y s i s  o f  t h e  r e p l i e s  t o  
con71entionaZ pe t ro leum (260 G t )  we f i n d  t h r e e  
op<nions among t h e  e x p e r t s :  
- a  macjor i ty  o p i n i o n  ( 2 / 3  o f  t h e  r e p l i e s )  
e s t i m a t i n g  u l t i m a t e  r e c o v e r a b l e  r e s o u r c e s  
a t  2 4 0  G t .  
- an optimistic o p i n i o n  ( 2 5 %  o f  r e p l i e s )  
o f  350 G t  ('I p e r s o n a l l y  s h a r e  t h i s  
o p i n i o n )  . 
- a  p e s s i m i s t i c  o p i n i o n  ( 2 0 % )  o f  -- 175 G t .  
The 2 6 0  G f  were c o n s i d e r e d  by t h e  2 8  e x p e r t s  a s  l i k e l y  
t o  be d i v i a e d s  f o l l o w s :  USA/Canada 11%; Wes tern  
Europe 4.5%; USSR/China and t h e  s o c i a l i s t  c o u n t r i e s  2 3 % ;  
Middle E a s t  and North  A f r i c a  4 2 % ;  A f r i c a  s o u t h  o f  t h e  
Sahara 4.5%; L a t i n  America 9 % ;  Sou th  and Eas t  A s i a  6 % .  
The o p i n i o n s  on deep o f f s h o r e  and t h e  po lar  r e g i o n s  
were p e s s i m i s t i c  o r  u n c e r t a i ~ ,  w i t h  an average o f  1 3 %  o f  
t h e  300 Gi$ c o n s t i t u t i n g  u l t i m a t e  r e s o u r c e s .  
I n  f a c t ,  had t h e  same a n a l y s i s  been made one  o r  two y e a r s  
ago,  answers  on deep o f f s h o r e  would p r o b a b l y  have been more 
o p t i m i s t i c .  They have ,  no d o u b t ,  been i n f l u e n c e d  by a  f e w  (less 
t h a n  2 0 )  r e c e n t  u n s u c c e s s f u l  d r i l l i n g s * .  However, my own o p i n i o n ,  
and t h a t  o f  K.  Emery [ 4 ]  d u r i n g  t h e  1976  IIASA-UPJITAR Conference ,  
i s  t h a t  it i s  much t o o  soon t o  come t o  any c o n c l u s i o n ,  whether  
*Because of the very high cost of d r i l l i n g  and ins t i tu t ional  
d i f f i cu l t i e s  (such a s  offshore Corsica in the W t e r r a n e a n )  
sarrr! of the very few d e e p d r i l l i n g  ships are presently under- 
u t i l ized  o r  used i n  other areas (polymetalic nodules, fo r  instance). 
p o s i t i v e  o r  n e g a t i v e .  T h i s  was, i n  f a c t ,  conf i rmed  i n  v a r i o u s  
d i s c u s s i o n s  w i t h  some o f  t h e  e x p e r t s  who answered t h e  De lph i  
q u e s t i o n n a i r e ,  and who e x p r e s s e d  t h e i r  o p i n i o n  t h a t  deep  o f f -  
s h o r e  p e t r o l e u m ,  even w i t h  p o t e n t i a l l y  huge r e s e r v e s ,  would 
h a r d l y  p l a y  a  r o l e  b e f o r e  t h e  n e x t  c e n t u r y  ( i - e .  i n  t h e  t ime  
frame o f  t h e  De lph i  s t u d y ) ,  w i t h  a  b i g  u n c e r t a i n t y  o v e r  i t s  
p o s s i b l e  f u t u r e  c o s t s .  Some p r o d u c t i o n  s p e c i a l i s t s  a r e  more 
o p t i m i s t i c  because  o f  t h e  i m p r e s s i v e  p r o g r e s s  i n  deep  o f f s h o r e  
t echno logy .  
The p o l a r  zones  pose problems b o t h  o f  p r o d u c t i o n  and 
t r a n s p o r t .  I t  h a r d l y  seems l i k e l y  t h a t  t h e y  w i l l  be 
e x p l o i t e d  b e f o r e  t h e  end o f  t h i s  c e n t u r y .  ( T h i s  i s  why 
some e x p e r t s  quo ted  low f i g u r e s ,  n o t w i t h s t a n d i n g  t h e i r  
f u t u r e  p o t e n t i a l  a f t e r  2 0 0 0 ) .  
The i m p o r t a n c e  a t t r i b u t e d  t o *  t h e  Middle  E a s t / N o r t h  
A f r i c a  zone ( e s s e n t i a l l y  t h e  Middle  E a s t )  i s  c o n s i d e r a b l e . .  . 
The r e s e r v e s  a t t r i b u t e d  t o  t h e  s o c i a l i s t  c o u n t r i e s  ( 2 3 % )  
a r e  c o n s i d e r a b l e . .  . . I t  i s  i m p o r t a n t  t o  c p n t i n u e  o f f s h o r e  
p r o s p e c t i o n ,  s i n c e  45% o f  wor ld  r e s e r v e s  a r e  presumed t o  
b e  t h e r e .  
The e x p e r t s  a r e  r e l a t i v e l y  o p t i m i s t i c  a b o u t  t h e  f u t u r e  
c o s t  o f  p e t r o l e u m  p r o d u c t i o n .  More t h a n  h a l f  o f  t h e  
p e t r o l e u m  rema in ing  t o  b e  e x p l o i t e d  c o u l d  be prcduced  a t  
c o s t s  l e s s  t h a n  p r e s e n t  s e l l i n g  p r i c e s  ( $ 1 2  i n  1 9 7 6 ) ;  a  
t h i r d  c o u l d  b e  produced a t  around p r e s e n t  p r o d u c t i o n  c o s t s  
( l e s s  t h a n  $ 5 ) .  
On t h e  e s s e n t i a l  q u e s t i o n  o f  f u t u r e  d i s c o v e r y  r a t e ,  
mos t  o f  t h e  e x p e r t s  ( 2 /3 )  a r e  r e l a t i v e l y  o p t i m i s t i c  f o r  
t h e  n e a r  f u t u r e  ( 1 9 8 5 ) ,  w i t h  g r o s s  annual  d i s c o v e r i e s  
( n e w  f i e l d s  p i u s  r e - e v a l u a t i o n  o f  o l d  f i e l d s )  o f  a b o u t  
4 G t  per  y e a r ,  a s  compared w i t h  an average  o f  3  G-t be tween  
1950 and 1975.  
T h i s  i s  somewhat c o n t r a d i c t e d  by t h e  p r e s e n t  l e v e l i n g - - o r  
even s l i g h t  d e c r e a s e ,  a c c o r d i n g  t o  some s t a t i s t i c s - - o f  wor ld  
o i l  r e s e r v e s ;  b u t  t h i s  t r e n d  i s  h e a v i l y  i n f l u e n c e d  by p o l i c y  
f a c t o r s .  
Of t h e s e  g r o s s  d i s c o v e r i e s ,  o n l y  45% would c o n s t i t u t e  
n e t  d i s c o v e r i e s  o f  new d e p o s i t s ,  w i t h  t h e  o t h e r  55% 
accoun ted  f o r  b y  r e - e v a l u a t i o n  o f  o l d  d e p o s i t s ,  u s i n g  
enhanced r e c o v e r y  w i d e l y .  
T h i s  r e - e v a l u a t i o n  p r o c e s s  h a s  n o t  y e t  r e a l l y  s t a r t e d  
b e c a u s e  enhanced r e c o v e r y  p r o j e c t s  a r e  s t i l l  v e r y  scarce ( a p a r t  
from t h e r m a l  r e c o v e r y  i n  C a l i f o r n i a )  and l i m i t e d  t o  a few 
c o u n t r i e s .  
T h e  e x p e r t s  e s t i m a t e  t h a t  a t  t h e  end  o f  t h e  c e n t u r y  
d i s c o v e r i e s  w i l l  n o t  p r o v i d e  f o r  t h e  r enewa l  o f  r e s e r v e s  
a t  t h e  present l e v e l  o f  c o n s u m p t i o n  ( 3  G*). 
Between  now and 1985/90  i t  i s  e s t i m a t e d  t h a t  p r o s p e c t i o n  
e f f o r t s  w i l l  have  t o  b e  a t  l e a s t  d o u b l e d  t o  o b t a i n  t h e  
same o i l  d i s c o v e r i e s .  
The r e p l y  i s  more o p t i m i s t i c  on t h e  c o s t s  o f  d e v e l o p i n g  
d e p o s i t s  a t  t h i s  same p e r i o d  ( 1 9 8 5 / 9 0 ) .  Onshore ,  c o s t s  
a r e  s c a r c e l y  l i k e l y  t o  e x c e e d  p r e s e n t  d e v e l o p m e n t  c o s t s  
i n  t h e  USA ( $ 5 0 0 0 / b / d ) .  Deve lopment  i n  t h e  c o n v e n t i o n a l  
mar in e  z o n e s  w i l l  p r o b a b l y  r e m a i n  a t  a b o u t  i t s  p r e s e n t  
l e v e l  f o r  d i f f i c u l t  o f f s h o r e  conditions ($lO,OOO/b/d).  
Enhanced r e c o v e r y  i s  e x p e c t e d  t o  p l a y  a n  e s s e n t i a l  
r o l e  t o w a r d s  t h e  en d  o f  t h e  c e n t u r y .  A t  p r e s e n t ,  o n l y  
25-30% o f  p e t r o l e u m  i n  t h s  g round  i s  e x t r a c t e d ;  t h i s  
f i g u r e  w i l l  p r o b a b l y  i n c r e a s e  t o  40% b y  a b o u t  2000:  4 5 %  
i n  t h e  i n d u s t r i a l i z e d  c o u n t r i e s ,  4 2 %  i n  t h e  s o c i a l i s t  
c o u n t r i e s  and 38% e l s e w h e r e .  
Some e x p e r t s  ( t h e  French Pe t ro leum I n s t i t u t e  o r  M.L. 
Surguchev [ 5 ]  d u r i n g  o u r  1976 IIASA UNITAR Conference)  e x p e c t  
somewhat h i g h e r  f i g u r e s  f o r  enhanced r e c o v e r y  ( i n  f a c t ,  t h e  WEC 
r e p o r t  i s  n o t  c l e a r  a s  t o  whether  40 p e r c e n t  w i l l  b e  t h e  2000 
and maximum v a l u e ,  o r  whether  t h i s  v a l u e  w i l l  c o n t i n u e  i t s  slow 
i n c r e a s e  a f t e r  t h e  y e a r  2000) .  To stress t h e  impor tance  o f  such 
a  v a l u e ,  l e t  us  s a y  t h a t  e a c h  a d d i t i o n a l  p o i n t  above 40% t o  750 G t  
o f  o i l  i n  t h e  ground (which g i v e s  300 G t  a t  40% r e c o v e r y )  adds  
7.5 G t ,  i . e .  2.5 t i m e s  t h e  p r e s e n t  y e a r l y  p r o d u c t i o n .  D e s p r a i r i e s  
h i m s e l f ,  i n  a  l a t e r  p a r t  o f  t h e  r e p o r t ,  r e f e r s  t o  p o s s i b l e  
h i g h e r  v a l u e s  o f  45 t o  50 p e r c e n t .  
The a u t h o r  f u r t h e r  a n a l y z e s  some o f  t h e  main c o n s t r a i n t s  
t h a t  may l i m i t - t h e  achievement  o f  maximum p r o d u c t i o n  c a p a c i t i e s ,  
such  a s  f i n a n c i a l  r e s o u r c e s ,  a c t u a l  r a t e  of  new d e p o s i t  d i s c o v e r y  
and p u t t i n g  i n t o  o p e r a t i o n  methods of  enhanced r e c o v e r y ,  a v a i l a b l e  
s k i l l e d  manpower, and,  o f  even g r e a t e r  impor tance ,  p o l i t i c a l  
problems.  
Among a l l  t h e  o b s t a c l e s  s e p a r a t i n g  t h e  t e c h n i c a l  
p o s s i b i l i t i e s  o f  p e t r o l e u m  p r o d u c t i o n  from t h e i r  
a c t u a l  r e a l i z a t i o n ,  . t h e  mos t  d7; f f i c u l t  t o  surmount  i s  
t h e  f a i l u r e  t o  b e l i e v e  t h a t  t h e y  e x i s t .  
Before  c l o s i n g  t h i s  s e c t i o n ,  w e  would l i k e  t o  compare t h e  
WEC Delphi  r e s u l t s  w i t h  o t h e r  p r e v i o u s  e s t i m a t e s  and w i t h  o u r  
own p r e l i m i n a r y  e s t i m a t e s .  I n  o r d e r  t h a t  t h i s  may b e  b e t t e r  
unders tood ,  w e  g i v e  i n  t h e  Appendix some f u r t h e r  e x p l a n a t i o n  
on o i l  r e s e r v e s  and r e s o u r c e s ,  and t h e  p r i n c i p a l  methods of 
e s t i m a t i n g  them. 
T a b l e  3. E s t i m a t e s  o f  u l t i m a t e  w o r l d  r e s e r v e s  o f  
c r u d e  o i l  f r o m  c o n v e n t i o n a l  s o u r c e s * .  
Year S o u r c e  l o 9 b b l  l o 9  
P r a t t ,  Weeks, a n d  
S t e b i n g e r  600 82 
Duce 
Pogue  
Weeks 
L e v o r s e n  
Weeks 
MacNaughton 1000 136  
~ u b b e r t  
Weeks 
Weeks 2000 273  
H e n d r i c k s  (USGS) 2  4 80 3  3 8  
Ryman ( E s s o )  2090 285  
S h e l l  
Weeks 
H u b b e r t  
Moody ( M o b i l )  1800 246 
Warman (BPI 1200-2000 164-273 (21  8 )  
Weeks 2290 312 
US N a t i o n a l  
P e t r o l e u m  C o u n c i l  2670 36 4  
L i n d e n  2950 402 
Weeks 3650 498 
Moody, Eme r i c k  
(Mo b i l l  1800-1900 246-259 ( 2 5 2 . 5 )  
Adams a n d  K i r b y  
(BP 2000 273  
S i c k l e r  ( S h e l l )  1190-1410** 162-192 
K l e m r n e  (Weeks) 1900 259 
* ~ o s t  o f  t h e  o r i g i n a l  d a t a  w e r e  g i v e n  i n  b a r r e l s  (co lumn 3 )  
a n d  h a v e  b e e n  c o n v e r t e d  i n t o  m e t r i c  t o n s  (co lumn 4 )  a t  7 .33  b b l / t .  
* * ~ o e s  n o t  i n c l u d e  s o c i a l i s t  c o u n t r i e s .  
WEC DELPHI+AND OTHERS 
PROVEN RESERVES AND 
8126 CWUATIVE PRODUCTION 
YEARS 
W r l d  Oil- August Issues 1960 to 1976 + Conservation Comnissi~n, Peport on Oil Resources, 
* Including ~5.109t already produced World Energy Conterence, 1977 
Figure 1. Estimates of world ultimate reserves of crude oil. 
Table 3 gives estimates of ultimate world oil resources 
over a 35-year period, and Figure 1 shows the corresponding 
graphical representation (which does not include Sickler's 
estimates limited to the world excluding socialist countries). 
These estimates generally also include past production, proven 
reserves (with the uncertainties referred to in the Appendix), 
and expected "additions". Depending on the estimators, the 
expected additions may (or may not) include future discoveries, 
revisions due to changes in the recovery factor (controversial 
in recent years), offshore only to 200 m or up to 2000 m, 
Antarctica, etc. These assumptions are not always clearly specified, 
which makes the comparisons still more difficult. Because of its 
importance, the 1977 Delphi study for the Energy Conservation 
Commission of the World Energy Conference will be analyzed 
separately in the next section. 
A few comments suffice for Table 3 which is well known. 
The 25 estimates (fewer than one per year) are in fact not 
-independent. To these 25 estimates, Hubbert has contributed 
with two, Moody with three, and Weeks with eight (nine, if we 
include Klemrne), which leaves some 15 "independent" estimates. 
I n  t h e  c o u r s e  of  t i m e ,  t h e r e  h a s  been a g e n e r a l  t r end- -  
c h a r a c t e r i z e d  by t h e  r e g r e s s i o n  l i n e  i n  F i g u r e  1-- towards i n -  
c r e a s e d  e s t i m a t e s .  T h i s  i s  a p p a r e n t  n o t  on ly  from :i.ndependent 
e s t i m a t o r s ,  b u t  a l s o  from t h e  s u c c e s s i v e  upward r e v i s i o n s  o f  
Weeks' e s t i m a t e s .  T h i s  t r e n d  h a s  been e x t r a p o l a t e d ,  w i t h  t h e  
s u p p o r t  o f  a  ve ry  i n t e r e s t i n g  and c o n t r o v e r s i a l  a rgumenta t ion ,  by 
P.  Ode11 [61 t o  p r e d i c t  t h a t  i n  t h e  y e a r  2000 t h e  e s t i m a t e s  c o u l d  
be a b o u t  4 0 0 0  b i l l i o n  b a r r e l s ,  i . e .  570 b i l l i o n  t o n s  ( t h i s  e s t i m a t e ,  
however, i s  n o t  g i v e n  i n  Tab le  3 o r  i n  F i g u r e  1).  
I t  i s  i n t e r e s t i n g  t o  obse rve  t h a t  t h e  d i s p e r s i o n  o f  e s t i m a t e s  
was a b o u t  t h e  same between 1945 and 1950 a s  25 y e a r s  l a t e r ,  
between 1970 and 1975. I n  f a c t ,  i n  1975 t o  1976,  t h e r e  was some 
" a p p a r e n t  convergence" around 250 t o  280 b i l l i o n  t o n s  o f  o i l .   his 
a p p a r e n t  convergence ,  however, d i d  n o t  s t a n d  up t o  t h e  De lph i  
e s t i m a t e ,  a s  shown i n  F i g u r e  1, and a s  w i l l  be s e e n  i n  more d e t a i l  
i n  t h e  n e x t  s e c t i o n .  
Becausc of  i t s  impor tance  and i t s  i n f l u e n c e  i n  o i l  i n d u s t r y  
c i r c l e s  and apparent1.y a l s o  on o t h e r  r e c e n t  e s t i m a t e s ,  we g i v e  
i n  Tab le  4 t h e  1975 e s t i m a t e  by John D. Moody [ 7 ] .  The t o t a l  
e x p e c t e d  recovery  i s  g i v e n  i n  t h e  l a s t ,  s e v e n t h ,  column ( t a k i n g  
t h e  l i s t  of c o u n t r i e s  a s  t h e  f i r s t  co lumn) ,  and i s  t h e  s u m  o f  
columns 2 , 3 ,  4 and 5 .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  t o t a l  
r ange  of p o s s i b l e  v a l u e s  g i v e n  i n  column 6,  which show t h e  un- 
c e r t a i n t y  o f  t h e  e s t i m a t e s ,  i s  rough ly  a  f a c t o r  o f  t e n  f o r  s o c i a l i s t  
c o u n t r i e s  ( b e c a u s e  of t h e  l a c k  o f  p u b l i s h e d  d a t a ) ,  b u t  s t i l l  a  
f a c t o r  o f  t h r e e  f o r  t h e  b e s t  e x p l o r e d  c o u n t r y ,  t h e  USA. Around 
t h e  average  v a l u e  of  276.9 b i l l i o n  t o n s ,  t h e  p o s s i b l e  d i f f e r e n c e s  
a r e  a b o u t  20 p e r c e n t ,  o r  more t h a n  50 b i l l i o n  t o n s  (more t h a n  
16 y e a r s  o f  :-oday's consumpt ion) ,  which is  n o t  t r i v i a l .  
Moody p o i n t e d  o u t  i n  h i s  p a p e r  t h a t  a l l  h i s  r e s e r v e  and 
r e s o u r c e  e s t i m a t e s  w e r e  based on h i s t o r i c a l  c o s t / ~ r o f i t  r e l a t i o n -  
s h i p s  p r e v a i l i n g  b e f o r e  t h e  1973 o i l  embargo. ~ l i  r e s e r v e  and 
r e s o u r c e  f i q u r e s  a r e  f o r  r e c o v e r a b l e  c r u d e  o i l  o n l y  and e x c l u d e  
n a t u r a l  g a s - l i q u i d s  (which may add a n o t h e r  1 0  t o  20 p e r c e n t ) .  
E s t i m a t e s  f o r  proven and p r o s p e c t i v e  r e s e r v e s  e x t e n d  o f f s h o r e  t o  
200 m (600 f t ) ,  whereas t h e  u l t i m a t e  r e s o u r c e  p o t e n t i a l  i n c l u d e s  
w a t e r  d e p t h s  up t o  2000 m (6000 f t ) .  However, due  t o  r e c e n t  
development ,  Moody added,  
o p i n i o n  o f  t h e  p o t e n t i a l  of t h e  w o r l d ' s  deep 
ocean a r e a s  may w e l l  undergo s i g n i f i c a n t  re- 
e v a l u a t i o n .  And it  i s  p o s s i b l e  t h a t  t h e  deep- 
e r  ocean may be a  p o t e n t i a l l y  l a r g e r  a r e a  
t h a n  was e s t i m a t e d .  * 
* 
This was written i n  1975, a  period sl ight ly nlore optimistic in 
outlook than the present one, a s  mntioned above. 
Table  4 .  Es t i m a t ed  u l t i m a t e  wor ld  c rude  o i l  r ecovery ,  January  1, 1975 
( i n  10 t) t ak en  from Moody [7 ]  . 
C o u n t r i e s  
From Discovered Crude O i l  From Undiscovered Crude O i l  P o t e n t i a l  
Cumulat ive P r o s p e c t i v e  & T o t a l  Range T o t a l  
P r o d u c t i on  Proven Reserves* Onshore Of fshore  On E Offshore  Recovery **  
USSR, China ,  a l .  
Uni ted  S t a t e s  
Canada 
Middle E a s t  
G r e a t e r  North Sea 
Other  Western Europe 
North A f r i c a  
Gulf o f  Guinea 
O t h e r  Afrkca  
N.W. South  America 
Other  L a t i n  America 
S o u t h e a s t  A s i a  
Other  F a r  E a s t  
A n t a r c t i c a  
T o t a l  43.5 
* P r o s p e c t i v e  r e s e r v e s  a r e  a l s o  known a s  p robab l e  r e s e r v e s ;  
* *  T o t a l  r ecovery  i s  t h e  sou rce  of  columns 2 , 3 , 4 , a n d  5 ( t a k i n g  t h e  l i s t  of 
c o u n t r i e s  a s  column 1.) 
NUMBER 
OF 
ANSWERS ULTllvlATE OIL TO BE PRODUCED, EXCLUDING 45 - 10't ALREADY PRODUCED 
CONSIDERED CONSERVATIVE 
BY Id. GRENON 
CONSERVATION COklMISSION, 
EPORT ON OIL RESOURCES, 
k O R L D  ENERGY CO-CE, 1977 
t M. GRENON, IIASA. 1977 
* AUSTIN ,UNIVERSITY, TEXAS (PRIVATE COMMUNICA'TION) 
F i g u r e  2. World O i l  Resources  A n a l y s i s  o f  D e l p h i ,  a f t e r  [ 3 ] .  
Although t h e  main c o n c l u s i o n s  of D e s p r a i r i e s  from t h e  De lph i  
s t u d y  are g i v e n  above ,  it i s  w o r t h w h i l e  a n a l y z i n g  i n  somewhat 
more d e t a i l  t b z  s t u d y  i t s e l f ,  t o  c o n t r i b u t e  t o  o u r  u n d e r s t a n d i n g  
o f  t h e  u l t i m a t e  r e s e r v e s  ( r e s o u r c e s )  s i t u a t i o n  o f  o i l .  
The v a l u e s  chosen  by D e s p r a i r i e s  seem t o  p r i v i l e g e  t h e  
answers  i n  t h e  midd le  o f  t h e  r a n g e  (200 t o  300 G t )  , and  minimize 
or  e x c l u d e  t h e  o t h e r s ,  t h e  two v e r y  low o n e s  and  t h e  s e v e n  h i g h e r  
o n e s  (26  p e r c e n t  o f  t h e  answers ! )  I f  w e  t a k e  t h e  a v e r a g e  of a l l  
v a l u e s ,  w e  f i n d  a  t o t a l  o f  435.7 G t ,  t a k i n g  t h e  l o w e s t  v a l u e s  o f  
t h e  two r a n g e s  g i v e n  (300 G t  f o r  r a n g e  300<<550,  and  550 G t  f o r  
r a n g e  5 5 0 < < 9 5 0 ) ,  and  478.6 G t  i f  w e  t a k e  medium v a l u e s  f o r  t h e  
t w o  r a n g e s .  T h i s  f i g u r e  o f  a b o u t  478 G t  p l u s  45 G t  a l r e a d y  p r o -  
duced ,  a d d s  up t o  more t h a n  250 G t ,  a b o u t  50 p e r c e n t  more t h a n  
t h e  v a l u e  s e l e c t e d .  Three  o f  t h e  answers  g i v i n g  500 G t  are less 
d i s p e r s e d  i n  d e t a i l  t h a n  many o t h e r  g r o u p s  o f  answers .  But  t h e r e  
i s ,  of  c o u r s e ,  some t e m p t a t i o n  t o  a t t a c h  g r e a t e r  s i g n i f i c a n c e  t o  
t h e  12  answers  i n  t h e  nar row r a n g e  of 250 t o  300 G t ,  which  w e  
c o u l d  c a l l  "Moody's t y p e "  o r  " t h e  p e t r o l e u m  i n d u s t r y ' s  t y p e " ,  
a l t h o u g h  f o u r  of  them g i v e  o n l y  t h e  t o t a l ,  less  t h a n  300 G t ,  and 
no r e g i o n a l  e s t i m a t e s .  
The d i s t r i b u t i o n  o f  t h e  answers  i s  shown i n  g r a p h i c a l  form 
i n  F i g u r e  2. By way o f  compar ison  w i t h  Moody's d a t a  g i v e n  i n  
Table 4 the r eg iona l  averages  vf t h e  ~ e l p l l i  ~ t u d y  a r e  given 
i n  T a b l e  5  f o r  t h e  t w o  c o n d i t i o n s ,  i . e .  a l l  t h e  v a l u e s  are t a k e n  
o r  o n l y  t h e  v a l u e s  i n  t h e  r a n g e  200 t o  less t h a n  300 G t  ( l e t  u s  
r e c a l l  t h a t  c u m u l a t i v e  p r o d u c t i o n  i s  n o t  i n c l u d e d ) .  The r e g i o n s  
a r e  s p l i t  up somewhat d i f f e r e n t l y ,  b u t t i l l  p e r m i t  t h e  compar i sons .  
Table 5. Regional distribution of Delphi estimates. 
All Values Values in Range 200-300 Gt* 
Mini Maxi Average Mini Maxi Average 
Socialist Countries 2 7 . 3 -  96.3 5 9 . 4  4 0 . 3 -  8 3  54 .5  
USA and Canada 6.2  - 50  28 .5  15 .6  - 45 26 .1  
Middle East & North Africa 54 .8  - 300  1 0 9 . 1  76  - 1 5 6  101.9  
Africa South of Sahara 
Western Europe 
Latin America 7.9 - 5 5  22.9 12 .5  - 36.9 20.9 
East and South Asia (includes 
Japan, Australia & New Zealand 5.5 - 30  15 .1  6  - 25  13 .6  
Deep Offshore and Polar Areas 0 - 2 3 0  38 .7  0  - 5 0  21 .2  
* 
Of the 18 values in the range 2 0 0  to 300  Gt, four do not give details by regions. 
A t  f i r s t  s i g h t ,  t h i s  t a b l e  shows a  ve ry  b road  d i s p e r s i o n  
o f  e x p e r t  e s t i m a t e s  f o r  t h e  r e g i o n s ,  a l t h o u q h  t h e  v a r i o u s  a v e r -  
a g e s  g e n e r a l l y  v a r y  by less t h a n  t e n  p e r c e n t  i f  a l l  v a l u e s  
a r e  c o n s i d e r e d  o r  o n l y  t h o s e  v a l u e s  i n  t h e  narrower  r a n g e  o f  
200 t o  300 G t  e s t i m a t e s .  T h i s  i s ,  however, n o t  t r u e  f o r  deep 
o f f s h o r e  and p o l a r  a r e a s ,  f o r  which e x p e r t s  have been p a r t i c u l a r l y  
c a u t i o u s ,  a s  e x p l a i n e d  above. 
C u r i o u s l y ,  t h e  range  o f  e s t i m a t e s  i s  narrower  f o r  s o c i a l i s t  
c o u n t r i e s ,  which do n o t  p u b l i s h  any s t a t i s t i c s ,  t h a n  f o r ;  s a y ,  t h e  
USA and Canada, by f a r t h e  most e x p l o r e d  c o u n t r i e s  i n  t h e  
wor ld*.  T h i s  can b e  due  t o  t h e  f a c t  t h a t  most e x p e r t s  have no 
d i r e c t  knowledge o f  t h e  o i l  p o t e n t i a l  of  s o c i a l i s t  c o u n t r i e s  
and a r e  o b l i g e d  t o  r e l y  on a  v e r y  few independen t  e s t i m a t e s .  
AUSTRALIA AN[ 
NEW ZEALAND 
JAPAN 
WESTERN 
EU ROPE 
USSR 
USA 
] M I D D L E  EAST 
. CHINA 
SOUTH AND 
SOUTHEAST 
AFRICA AND 
MADAGASCAR 
LATIN 
AMERICA 
Areas within the black bars  represent ,  t o  sca le ,  the  ex ten t  of the 
petroleum prospective area (onshore + offshore t o  200m water depth) . 
Each f u l l  black c i r c l e  represents  50,000 wells  (exploratory + develop- 
ment) d r i l l e d  i n  each p a r t i t i o n  of the char t .  Numbers o f  wells  
smaller than 500,000 a r e  represented approximately by segments of 
the f u l l  black c i r c l e .  
F i g u r e  3. R e l a t i v e  d e n s i t i e s  of  o i l  d r i l l i n g  i n  v a r i o u s  
r e g i o n s .  
* In h i s  sbdy ,  on the other hand, MQody had a very large range f o r  
soc ia l i s t  countries. 
F i g u r e  4 .  O i l  B a s i n s  o f  t h e  World E x p l o r a t o r y  S t a t u s .  
A l s o ,  USSR geology seems s i m p l e r ,  w i t h  fewer  u n c e r t a i n  f r o n t i e r  
a r e a s .  But  anyhow, t h e  wide d i s p e r s i o n  o f  r e g i o n a l  e s t i m a t e s  
i n v i t e s  u s  t o  h a n d l e  them w i t h  much c a u t i o n ,  and i l l u s t r a t e s  
t h e  a c t u a l  r e l a t i v e  p o v e r t y  o f  o u r  knowledge o f  t h e  o i l  p o t e n t i a l  
o f  t h e  e a r t h ,  even i n  a  c o u n t r y  t h a t  h a s  been e x t e n s i v e l y  d r i l l e d ,  
such a s  t h e  US. B.F. G r o s s l i n g  [8] and M.T. Halbouty [9] have 
i l l u s t r a t e d  d r a m a t i c a l l y  t h a t  a l l  t h e  o t h e r  r e g i o n s  have been 
more pearly e x p l o r e d  t h a n  t h e  US, a s  shown i n  F igures  3 .  and"4 .  
Even f o r  t h e  US it i s  r e p o r t e d  t h a t  most o f  t h e  2.5 m i l l i o n  
h o l e s  (s t r ic t0 s e n s u  i n t e r s e c t i n g  a n  a r e a  o f  abou t  0.25 km2 
compared t o  t h e  6  m i l l i o n  p l u s  km2 o f  sed imenta ry  f o r m a t i o n s )  
were d r i l l e d  t o  s h a l l o w  d e p t h ,  r e c o r d i n g  few, i f  any,  o f  t h e  
p r e c i o u s  g e o l o g i c a l  d a t a  ( d u r i n g  a t  l e a s t  t h r e e - q u a r t e r s  o f  t h e  
o i l  i n d u s t r y ' s  h i s t o r y )  which a r e  s o  b a d l y  needed f o r  a  b e t t e r  
g e o l o g i c a l  knowledge. 
Another  way t o  p u t  t h i s  p o i n t  i s  t o  r a i s e  t h e  q u e s t i o n :  
How much o i l  would have b e e n - d i s c o v e r e d  i n  t h e  US i f  
t h e  d r i l l i n g  d e n s i t y  had e q u a l l e d  o n l y ,  s a y ,  t h a t  i ~ . i ' L a t . i n  America? 
~ l t h o u g h  w e  o n l y  have p r e l i m i n a r y  r e s u l t s ,  o u r  own e s t i m a t e s  
o f  u l t i m a t e  r e c o v e r a b l e  wor ld  o i l  r e s e r v e s  l i e  on t h e  h i g h  s i d e  
o f  t h e  De lph i  e s t i m a t e ,  i n  t h e  range  o f  600 t o  800 G t .  I n  f a c t ,  
e x t e n s i v e  d i s c u s s i o n s  w i t h  wor ld  o i l  e x p e r t s - - i n c l u d i n g  some o f  
t h o s e  who answered t h e  Delphi  poll--show t h a t  t h e r e  i s  less 
d i s c r e p a n c y  t h a n  t h e  raw f i g u r e s  would s u g g e s t ,  and t h a t  t h e  
main r e a s o n  f o r  such a  d i f f e r e n c e  c a n ,  on t h e  whole,  be a t t r i b u t e d  
t o  t h e  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  t h e  f r o n t i e r  between 
c o n v e n t i o n a l  and unconven t iona l  o i l  and e s p e c i a l l y  heavy c r u d e s  
(which a r e  g e n e r a l l y  n o t  i n c l u d e d  i n  t h e  Delphi  e s t i m a t e s  u n l e s s  
t h e y  a r e  a l r e a d y  b e i n g  e x p l o i t e d ,  l i k e  many C a l i f o r n i a n  
d e p o s i t s )  . Moreover, w e  a r e  g e n e r a l l y  more o p t i m i s t i c  abou t  
t h e  f u t u r e  p o t e n t i a l  o f  l i t t l e  e x p l o r e d  c o u n t r i e s ,  most o f  them 
members o f  t h e  less developed wor ld  [ l o ] .  
Unconvent ional  O i l  
S i n c e  o u r  IIASA-UNITAR Conference on "The F u t u r e  Supply o f  
Nature-made Pe t ro leum and Gas" some i n t e r e s t i n g  developments  
have o c c u r r e d .  B r i e f l y  s t a t e d ,  t h e r e  h a s  been no r e a l  b reak th rough  
( o r  even o u t s t a n d i n g  p r o g r e s s )  i n  chemical  t e r t i a r y  r e c o v e r y ,  
b u t ,  on t h e  o t h e r  hand, t h e r e  h a s  been a growing i n t e r e s t  i n  
t h e r m a l  methods f o r  t h e  recovery  o f  heavy c r u d e s .  The Canadian 
government h a s  begun t o  a c t  p o s i t i v e l y  t o  enhance t a r  sand 
e x p l o i t a t i o n  (a iming  a t  a  t a r g e t  o f  1 m i l l i o n  b a r r e l s  p e r  day 
by 1 9 9 0 ) ,  and p r o g r e s s  f o r  o i l  s h a l e  h a s  been s low,  b u t  
encouraging.  
I n  h i s  e x e c u t i v e  summary P .  D e s p r a i r i e s  s a y s  a b o u t  
unconven t iona l  pe t ro leum:  
T a r  s a n d s  and h e a v y  o i l s .  World  r e s e r v e s  a r e  e s t i m a t e d  
a t  300 G t ,  o f  w h i c h  o n l y  5 t o  10% a r e  e x p l o i t a b l e  on  t h e  
s u r f a c e .  Work f o r  s u r f a c e  e x p l o i t a t i o n  2 s  mos t  advanced  
i n  Canada, i n  A l b e r t a  (120  G t  i n  t h e  g r o u n d ) ,  w i t h  t h e  
GCOS p l a n t  (50 ,000  b / d  i n  1 9 6 7 )  and soon  t h e  S y n c r u d e  
p l a n t  (125 ,000  b / d  i n  1 9 7 8 ) .  V e n e z u e l a  w i l l  p r o b a b l y  
b e  n e x t  w i t h  l a r g e - s c a l e  e x p l o i t a t i o n  o f  a  s i m i l a r  t y p e  
o f  h y d r o c a r b o n ,  some t imes  l i g h t e r .  ( O r i n o c o  B e l t ,  100 G t  
i n  t h e  g r o u n d ) .  The  c o s t  p r i c e  e x .  t a x  f o r  c r u d e  o i l  
i s  e s t i m a t e d  a t  a p p r o x i m a t e l y  $25 ( 1 9 7 6 )  p e r  b a r r e l ,  w i t h  
i n t e r e s t  a t  15%,  o r  $15 w i t h  9 %  i n t e r e s t .  
The i n v e s t m e n t  i n v o l v e d  i s  h i g h  ($20-25,000 per  b / d ) .  
T r i a l s  f o r  t h e  e x p l o i t a t i o n  o f  s u b - s u r f a c e  d e p o s i t s  a r e  
s t i l l  a t  an e a r l y  s t a g e .  
O i l  s h a l e s .  The  r e s e r v e s  i n  t h e  ground a r e  a t  p r e s e n t  
e v a l u a t e d  a t  400 G t ,  o n l y  30 G t  o f  w h i c h  a r e  e x p l o i t a b l e  
w i t h  c u r r e n t  t e c h n o l o g y .  I t  i s  l i k e l y  t h a t  when p r o d u c t i o n  
s t a r t s  t h i s  w i l l  b e  i n  t h e  U n i t e d  S t a t e s  ( C o l o r a d o ) .  The 
e c o l o g i c a l  prob lems  ( w a t e r ,  s p o i  Z m a t t e r )  a r e  c o n s ' i d e r a b l e .  
I n v e s t m e n t  c o s t s  a r e  a t  p r e s e n t  e s t i m a t e d  a t  b e t w e e n  $20 
and 25 ( 1 9 7 6 )  p e r  b a r r e l ,  w i t h  an i n t e r e s t  r a t e  o f  15%.  
I f  t h e  h o p e s  r a i s e d  by  t h e  G a r r e t t  p r o c e s s  (sqrni-?:~.z-.si:trc 
c o m b u s t i o n ,  p r o d u c t i o n  c o s t s  o f  $ 8 - I I / b ,  much l e s s  a c u t e  
e c o l o g i c a l  p r o b l e m s )  a r e  n o t  c o n f i r m e d ,  s h a l e s  a r e  n o t  
l i k e l y  t o  p l a y  a  v e r y  i m p o r t a n t  r o l e  u n t i l  t h e  end o f  t h e  
c e n t u r y .  S u b s t a n t i a l  government  a i d  w i l l ,  i n  any c a s e ,  b e  
n e c e s s a r y  f o r  t h e  d e v e l o p m e n t  o f  t h e  p r o c e s s e s .  
I t  i s  wor th  n o t i n g  t h a t  P.  D e s p r a i r i e s  g i v e s  a b o u t  60 G t  
o f  heavy c r u d e s ,  t a r  s a n d s ,  and o i l  s h a l e s  more o r  less ex- 
p l o i t a b l e  w i t h  p r e s e n t  t echno logy .  These 60 G t  have t h u s  t o  
b e  added t o  h i s  p r e v i o u s l y  quo ted  f i g u r e  o f  300 Gt*. F u r t h e r  
p r o g r e s s  i n  e x p l o i t a t i o n  t echno logy  w i l l  open up w i d e r  t h i s  
v a s t  untapped p o t e n t i a l ,  t h e  r o l e  o f  which can  become e s s e n t i a l  
i n  t h e  t w e n t y - f i r s t  c e n t u r y .  
The unconve 'n t iona l  o i l s  w i l l  above a l l  be  e x p l o i t e d  i n  t h e  
XXIs t  c e n t u r v ,  s u c c e e d i n g  c o n v e n t i o n a l  pe t ro leum i n  i t s  
s p e c i f i c  a p p ' i i c a t i o n s  ( t E a n s p o r t ,  p e t r o > h e m i c a l s ) .  
Government a i d  w i l l  b e  n e c e s s a r y  f o r  i t s  p r o d u c t i o n .  How- 
e v e r ,  one s h o u l d  n o t e  t h a t  once t h e  t e c h n o l o g y  h a s  ceased  
t o  i n v o l v e  r i s k ,  and t h e  companies can  be c o n t e n t  w i t h  
normal i n d u s t r i a l  p r o f i t ~ b i l i t y  r a t e s  ( 8 %  t o  9 % ) ,  t h e  
c o s t  o f  t h e s e  o i l s  c o u l d  be  around $ 1 5  per  b a r r e l  and t h u s  
n o t  g r e a t l y  e x c e e d  t h e  c u r r e n t  s e l l i n g  p r i c e  o f  c r u d e .  
They may w e l l  t h u s  c o n s t i t u t e  i n  t e n  t o  f i f t e e n  y e q r s  a  
u s e f u l  s t a b i l i z i n g  e l e m e n t ,  k e e p i n g  down p r i c e s  on t h e  
wor ld  o i l  m a r k e t ,  p rov ided  Governments a r e  prepared  t o  
g i v e  a c t i v e  s u p p o r t  t o  d e ~ e l o p i n g  t h e  t e c h n o l o g y  n e c e s s a r y  
f o r  t h e i r  p r o d u c t i o n .  
Gas Resources  
T h i s  s t u d y  was performed by W.T. McCormick Jr . ,  L.W. F i s h ,  
R.B. K a l i s c h ,  and T . J .  Wander, of t h e  m r i c a n  G a s  ~ s s o c i a t i o n  [ I l l -  
Major F i n d i n s s  
T h i s  s t u d y  q u o t e s  v a r i o u s  r e c e n t  n a t u r a l  g a s  r e s e r v e  
e s t i m a t e s  from a v a r i e t y  o f  a u t h o r i t a t i v e  s o u r c e s .  The v a l u e s  
g i v e n  d i f f e r  by less t h a n  11% from t h e  a v e r a g e  2500 e x a j o u l e s * *  
( E J ) .  F o r  t h e  s t u d y ,  e s t i m a t e s  o f  proved r e s e r v e s  were based  
on t h e  year-enc? 1975 wQrld o i ;  f i g u r e  o f  2382 EJ o r  79 G t c e  
( 2 1 7 0 . 1 0 ~ ~  c u . f t .  o r  58 .6 -1012  m ) .  F o r  t h e  n a t u r a l  g a s  r e s o u r c e s  
o r  u l t i m a t e  r e c o v e r a b l e  r e s e r v e s ,  t h e  e s t i m a t e s  a r e  less c o n s i s t e n t  
and  r e l i a b l e  t h a n  a r e  e s t i m a t e s  o f  proven r e s e r v e s ,  a s  shown 
i n  T a b l e  6 ( c h o i c e  of  a u t h o r i t a t i v e  e s t i m a t e s ; .  
* I n  f a c t ,  a s  ment ioned above,  P. D e s p r a i r i e s  a l s o  i n c l u d e s  deep 
o f f s h o r e  and p o l a r  o i l  i n  t h e  u n c o n v e n t i o n a l  o i l ;  t e r t i a r y  
r e c o v e r y  seems t o  b e  i n  between. 
**Values i n  e x a j o u l e s - - a s  g i v e n  i n  t h e  repor t - -can  b e  d i v i d e d  
by a b o u t  30 t o  have v a l u e s  i n  G t c e  o r  by a b o u t  20 t o  have  
v a l u e s  i n  Gtoe for  comparison w i t h  p r e v i o u s  s e c t i o n s .  
Table  PI. Remaining recoverab l e  world gas resozrrces 
Source Year o f  Resources  Remaining 
E s t i m a t e  Year-end 1 9  75* 
( E x a j o u l e s )  
Hendricks  i U S G S )  1 9 6 5  9,470 
S h e l l  1967 10,221 
Coppack ( S h e l l )  1 9 7 3  7 , 2 4 9  
Hubbert ( U S G S )  1974 13,008 
Moody (Mobi 2 )  1 9 7 5  7,641 - 8,599 
Adams and Kirby 1 9 7 5  5 , 6 0 6  
Nat iona l  Academy 
o f  S c i e n c e s  1975 7,511 
IGT 1977 9 , 9 6 0  - 10, 3 9 5  
* ( A d j u s t m e n t s  have been  made for  a  comparat ive  year-end 
b a s i s .  ) 
For t h e  purpose o f  t h i s  s t u d y ,  t h e  I n s t i t u t e  o f  
Gas Technology ( IGT)  e s t i m a t e  ( 3 3 2 - 3 4 7  Gtce) was used 
s i n c e  i t  i s  t h e  most r e c e n t  and i s  t h e  l a t e s t  i n  a  s e r i e s  
o f  c o n s i s t e n t  e s t i m a t e s .  
Table 7 gives the regional distribution of proven reserves 
and of remaining undiscovered resources. However, the 
identification of OPEC as a region makes the comparison with 
the previous tables for oil difficult. 
Regarding unconventional'gas resources, the study says: 
Other supplemental  sources  o f  n a t u r a l  gas a r e  many 
and v a r i e d ,  i n v o l v i n g  t h e  r e c o v e r y  o f  i n - p l a c e  n a t u r a l  gas 
from g e o l o g i c  format ions  o t h e r  t h a n  c o n v e n t i o n a l  t y p e  
r e s e r v o i r s .   nowl ledge o f  t h e  e x t e n t  o f  t h e  r e s o u r c e  base  
and t h e  p o t e n t i a l  fo r  r e c o v e r i n g  t h e s e  r e s o u r c e s  on a  
g l o b a l  s c a l e  i s  l i m i t e d .  Tab le  8  shows, e s t i m a t e s  ' o f  
t h e  t o t a l  r e s o u r c e  base  f o r  t h e  Uni t ed  S t a t e s  for  s e v e r a l  
supplemental  sources  [ 1 2 ] .  I n  most c a s e s ,  new t e c h n o l o g i c a l  
advances a r e  necessary  t o  o b t a i n  economic r e c o v e r y  and 
t h u s  t h e  p r o d u c t i o n  c a p a b i l i t y  i s  v e r y  u n c e r t a i n .  
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T a b l e  8 .  
SuppZemen taZ  S o u r c e s  o f  N a t u r a l  Gas ,  Us 
S o u r c e  
E s t i m a t e d  V o l u m e  
i n  P l a c e  ( E J )  
C o a l - b e d  D e g a s i  f i c a t i o n  325-870  
D e v o n i a n  S h a l e  
T i g h t  F o r m a t i o n s  
G e o p r e s s u r e d  Gas 3 ,200 -54 ,400  
I f  w e  compare t h e s e  v a l u e s  w i t h  t h e  v a l u e s  o f  T a b l e  3,  it is  shown t h a t  t h e s e  r e s o u r c e s  can  each  doub le  o r  t r i p l e  
e x i s t i n g  proven r e s e r v e s ,  and geopressu red  g a s  a l o n e  can  m u l t i -  
p l y  r emain ing  und i scovered  r e s o u r c e s  by a f a c t o r  o f  2  t o  30. 
POTENTIAL PRODUCTION CURVES 
A l l  t h r e e  r e p o r t s  a n a l y z e d  h e r e  g i v e  p o t e n t i a l  p r o d u c t i o n  
c u r v e s .  These c u r v e s  are d e f i n i t e l y  n o t  f o r e c a s t s ,  b u t  co r respond  
-
more o r  less t o  t e c h n i c a l  maxima, assumlng t h e  n e c e s s a r y  
d e c i s i o n s  were t a k e n  i n  t i m e .  They o f f e r  a good s u b j e c t  f o r  
r e f l e c t i o n  and a  good s t a r t i n g  p o i n t  f o r  d e e p e r  s t u d i e s .  
A p o s s i b l e  p r o d u c t i o n  c u r v e  f o r  c o a l  up t o  t h e  y e a r  2020 
i s  g i v e n  i n  F i g u r e  5 .  The c u r v e  proposed by t h e  WEC s t u d y  
q roup  i s  a s o l i d  l i n e ,  s t a r t i n g  from 2 .6010  t c e  i n  1975 t o  
;each 8 . 7 0 1 0 ~  t c e  i n  2020 ( p a s s i n g  th rough  3.8.10'  tce  i n  1985 
and 5 . 6 5 0 1 0 ~  t c e  i n  2000) .  T h i s  c u r v e  is growing c o n t i n u o u s l y ,  
and i s  mentioned a s  a b l e  t o  p o s s i b l y  c o n t i n u e  t o  grow a f t e r  
2020. However, it i s  a l s o  mentioned t h a t  e x i s t i n g  economica l ly  
and t e c h n i c a l l y  proven r e c o v e r a b l e  r e s e r v e s  o f  640 G t  would n o t  
r e a l l y  p e r m i t  o r  s u p p o r t  such  p r o d u c t i o n  l e v e l s ;  i n  f a c t ,  it i s  
added t h a t  r e s e r v e s  c o u l d  p robab ly  ( i n  t i m e )  r e a c h  h i g h e r  l e v e l s  
t h a n  1200*10' t c e ,  s u f f i c i e n t  t o  s u p p o r t  such  p r o d u c t i o n  l e v e l s .  
I n  t h e  same f i g u r e ,  w e  have  e x t r a p o l a t e d  t h i s  p r o d u c t i o n  
c u r v e  f u r t h e r  i n  t i m e  a c c o r d i n g  t o  two d i f f e r e n t  a s sumpt ions .  
The f i r s t  assumpt ion  keeps  t h e  maximum p r o d u c t i o n  l e v e l  a t  i t s  
2020 peak.  With r e s e r v e s  a t  640-10 '  t c e  t h i s  p r o d u c t i o n  c o u l d  
b e  m a i n t a i n e d  u n t i l  a b o u t  2065, and w i t h  r e s e r v e s  a t  1 2 0 0 * 1 0 ~  tce ,  
u n t i l  2130. The second assumpt ion  r a i s e s  t h e  p r o d u c t i o n  l e v e l  up 
t o  1 2 * l o 9  t c e  p e r  y e a r  ( c o r r e s p o n d i n g  t o  t h e  12 TWyr/yr f o s s i l  
G tce (12) 640 
I 
I 
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F i g u r e  5. Coal:  P o s s i b l e  Produc t ion  and L i f e t i m e  of  
Reserves  ( a f t e r  [ I ]  ) . 
energy  demand f o r  energy  end u s e s  i n  a  35 TW IIASA denand 
s c e n a r i o  f o r  t h e  y e a r  2030 [131 ) ;  such a l e v e l  cou ld  be reached  
i n  approx imate ly  2040. P r oduc t i on  cou ld  t h e n  con t i nue  o n l y  u n t i l  
2055 i f  t h e  r e s e r v e s  a r e  o n l y  6 4 0 . 1 0 ~  tce ,  and u n t i l  2102 i f  t h e  
r e s e r v e s  a r e  a t  l e a s t  1 2 0 0 . 1 0 ~  tce. Once more, l e t  us  emphasize 
t h a t  t h e  i n c r e a s e  i n  t h e  r e s e r v e s  above t h e  p r e s e n t  l e v e l  i s  more 
t h a n  h i g h l y  p r o b ab l e ,  due t o  t h e  ve ry  l a r g e  amount of  t h e  r e s o u r c e s .  
For  o i l ,  a  series o f  c u r v e s  have been proposed,  v a r y i n g  
w i t h  t h e  f i n a l  amount o f  t h e  remaining u l t i m a t e  r e c o v e r a b l e  
r e s e r v e s  ( f rom a low estimate o f  174 G t  t o  a  "high"  e s t i m a t e  
o f  347 G t )  and w i t h  t h e  s e l e c t e d  d e p l e t i o n  r a t e  o f  t h e  r e s e r v e s  
( e q u a l  t o  t h e  1975 v a l u e ,  t o  a  medium o r  t o  an a c c e l e r a t e d  v a l u e ) .  
Depending on t h e  assumpt ions ,  peak p roduc t i on  o c c u r s  i n  abou t  1985 
o r  around 1995 t o  2000, and t h e  peak l e v e l s  va ry  between 3.3 G t  
( s l i g h t l y  more t h a n  t h e  p r e s e n t  l e v e l )  t o  abou t  7 G t  (which 
means a b o u t  10.5 TWyr/yr). C on t r a ry  t o  t h e  p o t e n t i a l  p r o d u c t i o n  
c u r v e s  f o r  c o a l ,  a l l  t h e  o i l  p roduc t i on  c u r v e s  go t h rough -a  
maximum, t h e n  d e c r e a s e  t o  come back t o  v a l u e s  around t h e  p r e s e n t  
o n e s  i n  t h e  y e a r  2020, and a r e  f i n a l l y  ended by a t a i l  ex t end ing  
f o r  a  few decades .  
For  i l l u s t r a t i o n ,  w e  have chosen t h e  cu rve  s e l e c t e d  by t h e  
a u t h o r  o f  t h e  Delphi  s t u d y  as a b a s i s ,  F i g u r e  6 ( n o t e  t h a t  t h e  
d a t a  a r e  g i v en  i n  G t c e  o r  TWyr/yr f o r  t h e  purpose  of  comparisons 
between t h e  v a r i o u s  energy  r e s o u r c e s ) .  Assuming t h e  
Gtce U L T I M A T E L Y  RECOVERABLE RESOURCES 
(CONVENTIONAL O I L  OIULY) 4 5 0  Gtce 
O I L  
Oil production level of  7.2 could represent 
transportation needs of  20% of total energy 
demand of  35  T W  (Reference Scenario) in 2030 
F i g u r e  6 .  O i l :  P o s s i b l e  P roduc t ion  and L i f e t i m e  o f  
Resources ,  a f t e r  [3 ]  . 
remaining u l t i m a t e  r e c o v e r a b l e  r e s e r v e s  t o  be 300 G t  o i l  ( o r  450 
G t c e ) ,  p r o d u c t i o n  would peak i n  a b o u t  1 9 9 0  a t  7.2 G t c e  ( s l i g h t l y  
less t h a n  5  G t  of o i l )  and go down t o  3.75 Gtce i n  2020. Such a  
l e v e l  o f  p r o d u c t i o n  c o u l d  l a s t  u n t i l  abou t  2075. 
Two a d d i t i o n a l  comments a r e  worth making: 
- The 7.2 G t c e  l e v e l  co r responds  t o  a b o u t  20% o f  t h e  35 TW 
s c e n a r i o .  These 20% can  r e p r e s e n t  t h e  l i q u i d  f u e l  
r equ i rements  f o r  t r a n s p o r t a t i o n .  
- Most e x p e r t s  ( t h o s e  who p a r t i c i p a t e d  i n  t h e  De lph i  s t u d y  a s  
w e l l  a s  t h o s e  o f  t h e  IIASA-UNITAR Conference)  a g r e e  on t h e  
p r o b a b l e  p h a s i n g - i n  of  unconven t iona l '  of1 r e s o u r c e s  a t . t h e  
end o f  t h e  c e n t u r y .  Th i s  h a s  been i l l u s t r a t e d  i n  t h e  f i g u r e ,  
a l t h o u g h  t h e  s u b s t i t u t i o n  c o u l d ,  o f  c o u r s e ,  f o l l o w  a  scheme 
d i f f e r e n t  t o  t h e  one t h a t  has  been ske tched .  I f  w e  add known 
e s t i m a t e s  o f  heavy c r u d e s ,  t a r  s a n d s ,  and o i l  s h a l e s ( e s t i m a t e s  
which w i l l  probab ly  be  r e v i s e d  upwards now t h a t  t h e r e  i s  an 
emerging economic--and p o l i t i c a l - - i n t e r e s t  i n  t h e s e  
r e s o u r c e s ) ,  p r o d u c t i o n  l e v e l s  of  7  G t c e  c o u l d  a l r e a d y  b e  
s u s t a i n e d  f o r  more t h a n  one c e n t u r y  a f t e r  2030. 
ULTIMATELY RECOVERABLE RESOURCE 
(CONVENTIONAL GAS ONLY) 333 Gtce 
G tce 
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F i g u r e  7. Gas: P o s s i b l e  P roduc t i on  and L i f e t i m e  o f  
Fesource ,  a f t e r  [Ill . 
Two p r o d u c t i o n  c u r v e s  have  been proposed f o r  n a t u r a l  g a s .  
They do n o t  d i f f e r  a p p r e c i a b l y :  by less t h a n  1 p e r c e n t  i n  2000 and 
less t h a n  10 i n  2020. F i g u r e  7 shows t h a t  peak p r o d u c t i o n  
c o u l d  r each  4.75 Gtce  around 2000 (which means t h a t  g a s  pro-  
d u c t i o n  would peak 10 t o  20 y e a r s  l a t e r  t han  c o n v e n t i o n a l  n i l  
p r o d u c t i o n )  and come down t o  abou t  3.80 G t c e  i n  2020. Assuming 
p r o d u c t i o n  remains  a t  t h i s  l e v e l ,  it cou ld  l a s t  u n t i l  2065. 
During t h i s  p e r i o d ;  unconven t iona l  n a t u r a l  g a s  cou ld  be  c a l l e d  
upon f o r  l e s s  t h a n  1 G t c e  i f  it i s  d e s i r a b l e - t o  remain on 
the maximum 4.75 G t c e  production-consumption l e v e l .  
According t o  many e x p e r t s  and t o  t h e  main f i n d i n g s  o f  o u r  
IIASA-UNITAR Conference ,  t h e  p o t e n t i a l  f o r  unconven t iona l  n a t u r a l  
g a s  ( g a s  i n  t i g h t  fo rmat ions - - sha les  o r  sandstones--gas  i n  geo- 
p r e s s u r e  zones ,  g a s  i n  c o a l  beds*,  l a n d f i l l  g a s ,  g a s  h y d r a t e s ,  
e t c . )  c o u l d ,  i n  f a c t ,  a l l o w  much h i g h e r  l e v e l s  o f  p roduc t i on .  
Also ,  some wor ld  e x p e r t s  c l a i m  t h a t  wor ld  ga s  r e s e r v e s  a r e  i n  
r e a l i t y  p robab ly  h i g h e r  t h a n  o i l  r e s e r v e s .  W e  have n o t  t aken  
any o f  t h e s e  assumpt ions  i n t o  accoun t  here--even i f  w e  s h a r e  
some o f  them--so as t o  remain on t h e  c o n s e r v a t i v e  s i d e .  
*The a u t h o r s  o f  t h e  r e p o r t  s ay :  
For example ,  u s i n g  a  s t a n d a r d  f a c t o r  o f  200 c u b i c  
f e e t  o f  n a t u r a l  gas  p e r  t o n  o f  c o a l  ( u s e d  by  U ;  S .  Bureau o f  
Mines and t h e  U . S .  Energy R e s e a r c h  and Development  Adm7:nis t ra t ion  
f o r  U . S .  c o a l )  m u l t i p l i e d  by  t h e  t o t a l  e s t i m a t e d  w o r l d  c o a l  
r e s o u r c e s  o f  1 1 . 8  t r i l l i o n  t o n s  r e s u l t s  i n  an i n c r e a s e  o f  o v e r  
2 , 2 0 0  E J  (73  Gtce)  t o  t h e  w o r l d  n a t u r a l  gas  r e s o u r c e  b a s e .  
F i n a l l y ,  we have aggrega ted  i n  F i g u r e  8 t h e  f o u r  p o s s i b l e  
p r o d u c t i o n  c u r v e s ,  s e l e c t i n g  f o r  c o a l  t h e  lower l e v e l  o f  8 .7  Gtce 
( a l l  r e s u l t s  would have t o  b e  i n c r e a s e d  by 3 . 3  Gtce s h o u l d  t h e  
12 Gtce v a l u e  b e  p r e f e r r e d ) .  T h i s  shows t h a t ,  w i t h o u t  
unconven t iona l  o i l  and g a s ,  f o s s i l  f u e l  p r o d u c t i o n  c o u l d  peak,  
a c c o r d i n g  t o  t h e  WEC e x p e r t s ,  a t  abou t  17 Gtce around 2000, 
d e c r e a s e  s l i g h t l y  t o  16.25 Gtce i n  2020, and c o n t i n u e  a t  t h i s  
l e v e l  f o r  a b o u t  h a l f  a  c e n t u r y  (much l o n g e r ,  o f  c o u r s e ,  f o r  c o a l ) .  
With unconven t iona l  o i l  and g a s ,  a  peak o f  20.65 Gtce  ( o r  p o s s i b l y  
more) c o u l d  b e  reached  i n  2020, and c o n t i n u e  f o r  a  much l o n g e r  
p e r i o d ,  assuming a  t i m e l y  phas ing-out  of  c o n v e n t i o n a l  o i l  and 
g a s  and a  p r o g r e s s i v e  s u b s t i t u t i o n  by c o a l  and unconven t iona l  
o i l  and gas .  
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F i g u r e  8. T o t a l  F o s s i l  F u e l s :  P o s s i b l e  P r o d u c t i o n  
and L i f e t i m e s .  
CONCLUSIONS 
P have n o t  t r i e d  i n  t h i s  paper  t o  emphasize our  own 
s t u d i e s  b u t  on ly  t o  summarize and b r i e f l y  ana lyze  t h e  major 
conc lus ions  o f  t h e  World Energy Conference on ( conven t iona l )  
c o a l ,  oil ,  and gas  r e sou rces .  I p e r s o n a l l y  cons ide r  some of  
t h e s e  conc lus ions  as reasonably conse rva t ive .  This  means t h a t  
t hey  may be  used wi th  some conf idence a s  a  (minimum) working 
hypothes i s  on reserves and r e sou rces .  
Th i s  does n o t  mean t h a t  t h e  WEC experts--,Or 1- 
-underes t imate  t h e  many d i f f i c u l t i e s  involved i n  a c t u a l l y  
producing t h e s e  energy r e se rves .  L i k e  t h e  e x p e r t s  I t h ink  t h a t  
t h e s e  d i f f i c u l t i e s  can be  overcome, and we expec t  t h a t  they  
w i l l  be. I f  n o t ,  no one can g i v e  t h e  a s su rance  t h a t  s i m i l a r  
d i f f i c u l t i e s  faced  by o t h e r  energy resources--such a s  n u c l e a r ,  
s o l a r ,  o r  geothermal--wil l  be more e a s i l y  overcome. Anyhow, 
i n  such a  c a s e ,  mankind would s e t t l e  i n t o  a  long p e r i o d  of an 
exceeding ly  d i f f i c u l t  energy supply.  
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APPENDIX 
O I L  RESERVES VERSUS RESOURCES 
The f i r s t  i m p o r t a n t  p o i n t  i s  t o  unders tand  w e l l  t h e  
d i f f e r e n t  n a t u r e  o f  ene rgy  r e s e r v e s  and energy  r e s o u r c e s * ,  and 
t h e  ways t o  e s t i m a t e  them. Although w e  c o u l d  e l a b o r a t e  on a 
t h r e e - c a t e g o r y  c l a s s i f i c a t i o n  ( r e s e r v e s ,  r e s o u r c e s ,  and r e s o u r c e -  
b a s e  o r  " o c c u r r e n c e s " ,  e t c . ) ,  w e  w i l l  adhere  t o  t h e  McKelvey 
t y p e  of  c l a s s i f i c a t i o n ,  i . e .  proven,  i d e n t i f i e d ,  economica l ly  
r e c o v e r a b l e  (under  p r e s e n t  o r  near- term c o n d i t i o n s )  r e s e r v e s ,  
and r e s o u r c e s  i n c l u d i n g  i d e n t i f i e d  subeconomic, h y p o t h e t i c a l  
t i n  known d i s t r i c t s )  and s p e c u l a t i v e  ( i n  unknown--here, u n d r i l l e d -  
- d i s t r i c t s )  r e s o u r c e s .  
T a b l e  A-1 summarizes and compares r e s e r v e s  and .xesources .  
i t  i s  c l e a r  t h a t  i n t e r e s t  i n  r e s e r v e s  h a s  always been v e r y  a c u t e ,  
a s  t h e y  s e r v e  a s  t h e  b a s i s  f o r  any p l a n n i n g  of  a l l  o i l  companies.  
On t h e  o t h e r  hand,  i n t e r e s t  i n  r e s o u r c e s  h a s  been m o s t l y  e p i s o d i c ,  
o f t e n  on a "hobby" b a s i s  and g e n e r a l l y  l a c k i n g  s t r o n g  o f f i c i a l  
s u p p o r t .  
T a b l e  A-1.  Comparison of  Reserves  Versus  Resources .  
* 
Here we conceptrate especially on o i l  (mainly conventional) 
reserves and resources, excluding coal and gas resources. 
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The s t r o n g  i n t e r e s t  i n  reserves--mainly  a t  t h e  company 
level--however,  does  n o t  a s s u r e  a  f u l l y  r e l i a b l e  knowledge a t  
t h e  a g g r eg a t e  l e v e l ,  whether  n a t i o n a l  o r  g l o b a l .  A t  t h e  world 
l e v e l ,  one i s  g e n e r a l l y  reduced t o  working w i th  two , independent-  
-and c o m p e t i t i v e - - e s t i m a t e s ,  namely t h o s e  o f  t h e  two s p e c i a l -  
i z e d  p e r i o d i c a l s ,  "World O i l "  and " O i l  and Gas J o u r n a l "  (abbre-  
v i a t e d  WO and O G J  i n  t h e  f o l l o w i n g ) ;  even t h e  UN use  them, and 
g e n e r a l l y  do n o t  p u b l i s h  independen t  e s t i m a t e s .  The e s t i m a t o r s  
r e l y  independen t ly  on s i m i l a r  ( and  o f t e n ,  a s  it  happens ,  on t h e  
same) s o u r c e s  o f  i n f o r m a t i o n ,  i . e .  o i l  o p e r a t i o n  companies,  
" h i g h l y  r e l i a b l e "  o i l  e x p e r t s ,  and government o f f i c i a l s .  Some 
c o u n t r i e s  guard  s t a t i s t i c s  a s  n a t i o n a l  secrets, f o r b i d d i n g  
t h e i r  d i s c l o s u r e .  E s t i m a t e s  by WO and O G J  d i f f e r  a p p r e c i a b l y .  
O G J  s t a t i s t i c s  a r e  g e n e r a l l y  h i g h e r ,  supposedly  due  t o  t h e  i n -  
c l u s i o n  of  n a t u r a l  g a s  l i q u i d s .  By way o f  comparison,  t h e r e  £01- 
low below a  few f i g u r e s  f o r  o i l  r e s e r v e s  a s  o f  January  1, 19y7 
( a l l  d a t a  i n  m i l l i o n  b a r r e l s  o f  o i l )  (Table  A-2): 
I t  i s  c l e a r  fqom t h e s e  few f i g u r e s  t h a t  t h e  i n c l u s i o n  o r  n o t  
o f  n a t u r a l  g a s  l i q u i d s  canno t  account  f o r  t h e  d i f f e r e n c e s .  Annual 
e s t i m a t e s  sometimes a l s o  vary  e r r a t i c a l l y ,  which of  c o u r s e  compli- 
c a t e s  any use  o f  " h i s t o r i c a l  s t a t i s t i c s " .  From January  1 ,  1972 t o  
January  1 ,  1977, t h e  O G J  o i l  r e s e r v e s  v a r i e d  from 632,553 m i l l i o n  
b a r r e l s  o f  o i l  t o  640,390 m i l l i o n  b a r r e l s  ( r e v i s e d  va lue )  --a m e r e  
1 . 0 1  p e r c e n t  i n c r e a s e  i n  t o t a l  f o r  t h e  f i v e  years! - -pass ing through 
a  maximum on January  1, 1975 o f  712,418 m i l l i o n  b a r r e l s .  During 
t h e  same p e r i o d ,  WO v a l u e s *  v a r i e d  from 569,523 m i l l i o n  b a r r e l s  t o  
549,914--a 3,5796, decrease--wi th  a maximum i n  1974 t o  1975 o f  
around 570,000 m i l l i o n  b a r r e l s .  
T h i s  shows how c a r e f u l l y  such f i g u r e s  must be  hand led ,  
and how r e c e n t  e v o l u t i o n  can  l e n d  i t s e l f  t o  p e s s i m i s t i c  
p r o j e c t i o n s  o f  an  o i l  s h o r t a g e  i n  t h e  1 9 8 0 ~ ~  a l though  t h e  wor ld  
r e c o r d s  o f  d r i l l i n g  a c t i v i t i e s  and a p p a r e n t  announced d i s c o v e r i e s  
seem t o  p o i n t  t o  t h e  p o s s i b i l i t y f  a  c o n t r a r y  conc lu s ion .  
What ab o u t  t h e  r e s o u r c e s ?  The ground i s  s t i l l  more u n c e r t a i n ,  
a s  summarized i n  Tab le  A-1. I n  Tab le  A.-3, t h e  two b a s i c  ne thods  
( i n  f a c t ,  more and more o f t e n  used  i n  combinat ion)  f o r  a s s e s s i n g  
o i l  r e s o u r c e s  a r e  b r i e f l y  p r e s e n t e d .  They s u g g e s t  t h e  fo l l owing  
comments : 
*Not t a k i n g  i n t o  accoun t  some annua l  r e v i s i o n s ,  which some- 
t i m e s  r e ach  up t o  8%. Revised v a l u e s  f o r  January  1,1972:  556,020; 
r e v i s e d  v a l u e  f o r  January  1,1977 n o t  y e t  a v a i l a b l e .  
T a b l e  A-2. C o m p a r i s o n  o f  O i l  R e s e r v e  Data .  
World O i l  O i l  a n d  G a s  J o u r n a l  
( e x c l u d i n g  n a t u r a l  g a s  l i q u i d s )  O r i g i n a l  R e v i s e d *  
T o t a l  World 5 4 9 , 9 1 4  5 9 8 , 9 9 0  . 6 4 0 , 3 9 0  
S a u d i  A r a b i a  1 1 0 , 1 8 7  1 1 0 , 0 0 0  1 5 1 , 4 0 0  
USSR 5 9 , 9 0 0  7 8 , 1 0 0  
USA 3 0 , 9 4 2  3 1 , 3 0 0  
I r a n * *  4 8 , 1 3 0  6 3 , 0 0 0  
M e x i c o  8 , 0 0 0  7 , 0 0 0  
* R e v i s i o n  m a i n l y  d u e  t o  c o r r e c t i o n  b y  S a u d i  A r a b i a n  offi 'ci.als; 
t h i s  c o r r e c t i o n  w a s  r e p o r t e d  i n  OGJ i n  F e b r u a r y  1 9 7 7 .  
' However ,  WO does n o t  i n c l u d e  it i n  i t s  A u g u s t  1 5  i s s u e .  
**  On J a n u a r y  1 ,  1 9 7 6 ,  I r a n i a n  o i l  r e s e r v e s  w e r e  r e p o r t e d  
b y  WO as  6 6 , 2 8 1  m i l l i o n  barrels ;  n o  comments  w e r e  made 
r e g a r d i n g  t h e  decrease, m o r e  t h a n  7  t i m e s  t h e  a n n u a l  
p r o d u c t i o n .  
T a b l e  A-3. C o m p a r i s o n  o f  Methods  f o r  A s s e s s i n g  
O i l  R e s o u r c e s .  
HISTORICAL STATISTICS GEOLOGICAL ANALOGY 
P R I N C I P L E S  
----- 
1. CHOICE OF REPRESENTATIVE 1. DEFINITION OF SEDIMEIUTARY 
STATISTICS, REGIONS OR BASINS 
L R e.g. DISCOVERY RATE ,X 
2. EXTRAPOLATION TO THE 2. COMPARISON* WITH SOME REFER- 
FUTURE ENCE REGIONS OR BASINS. 
a. SUBJECTIVE (CURRENT METHOD) 
b. SCIENTIFIC (BEING DEVELOPED) 
... 
D I S A D V A N T A G E S  
------
- REQUIRES LONG STATISTICAL - POOR (AND INSUFFICIENT) KNOW- 
HISTORY (ONLY A VERY FEW LEDGE OF UNEXPLORED OR LITTLE 
COUNTRIES) EXPLORED BASINS 
-- BIASED BY POLITICAL, - NO PRECISE EXPERIENCE OF ULTI- 
ECONOMIC, AND MATE RECOVERY IN A REFERENCE 
TECHNOLOGICAL FACTORS BASIN (EVEN IN  THE US) 
*using historical statistics 
H i s t o r i c a l  S t a t i s t i c s  
A powerful  t o o l  i s ,  f o r  i n s t a n c e ,  t o  p l o t  t h e  d i s c o v e r y  
ra te  v e r s u s  a n o t h e r  " r e p r e s e n t a t i v e "  pa ramete r  such  as t i m e ,  
c u m u l a t i v e  f o o t a g e  ( ~ u b b e r t *  ) , d o l l a r s  s p e n t  on e x p l o r a t i o n ,  o r  
t h e  d o l l a r  c o n v e r t e d  t o  a c u r r e n t  " b a r r e l "  of  o i l  ( ~ e i d l * * ) ,  etc.  
T h i s  method h a s  been i n t e r e s t i n g l y  a p p l i e d  by Hubber t  f o r  
t h e  US, where abundan t  and more o r  less r e l i a b l e  s t a t i s t i c s  
e x i s t .  I n  view o f  what  w a s  w r i t t e n  above on r e s e r v e s  and 
a d d i t i o n s  o f  r e s e r v e s ,  it i s  v e r y  d i f f i c u l t  t o  u s e  t h i s  method 
v a l u a b l y  on a  wor ld  b a s i s .  Hubbert  h i m s e l f ,  moreover,  i n  
d e s c r i b i n g  h i s  method*, warns of  t h e  d i f f i c u l t y  o f  u s i n g  it 
f o r  "young" o i l  p roduc ing  c o u n t r i e s ,  which most c o u n t r i e s  indeed  
s t i l l  a r e .  
No less i m p o r t a n t  must b e  t h e  a s s u r a n c e  o f  a  non-biased  
s t a t i s t i c a l  sampl ing:  A l l  o t h e r  p a r a m e t e r s  must  remain e q u a l ,  
which i s  r a r e l y  t h e  c a s e .  I t  is  worth  c o n s i d e r i n g  t h e  f o l l o w i n g :  
- Depending on t h e  p o l i t i c a l  c l i m a t e ,  t h e  d e c i s i o n s  o f  
t h e  companies t o  sometimes restrict  d r i l l i n g  t o  t h e  
b e s t  known, and less r i s k y  a r e a s  (which happened f o r  
g a s  d r i l l i n g  i n  t h e  US f o r  many y e a r s ) ,  where t h e  
s u c c e s s  r a t i o  i s  g e n e r a l l y  h i g h ,  b u t  t h e  a d d i t i o n s  t o  
r e s e r v e s  s m a l l .  
- Unequal a c c e s s  t o  p r o s p e c t i v e  a r e a s ,  a r e a s  which c o u l d  
i n c r e a s e  t h e  d i s c o v e r y  r a t e  a p p r e c i a b l y  ( f e d e r a l  l a n d s  
i n  t h e  US, t h e  Red Sea i n  Egypt ,  n o r t h  o f  t h e  6 2 ' p a r a l l e l  
i n  Norway, etc .  ) . 
- Change o f  regime:  F i n a n c i a l  (Mexico, w i t h  o i l  
p r i c e s  f r o z e n  u n t i l  1974, p r e v e n t i n g  
a d e q u a t e  e x p l o r a t i o n )  ; 
P o l i t i c a l  ( i . e .  I n d o n e s i a  i n  1976) ; 
Manager ia l  ( f o r  i n s t a n c e ,  I r a n  
w i t h  t h e  N a t i o n a l  I r a n i a n  O i l  
Company) e t c .  
- T e c h n o l o g i c a l  p r o g r e s s .  
* Hubbert,K. i n  U S  . E n e r g y  Resource&: A R e v i e w  a s  of 1 9 7 2 ,  
p a p e r  p r e p a r e d  f o r  Committee on  1 n t e r i o r . a n d  ~ n s u l a r  A f f a i r s ,  
U.S. S e n a t e ,  S e r i a l  N o .  93-40, 92-75, Washington, D . C . ,  1974. 
* *  S e i d l ,  R . G . ,  I m p l i c a t i o n s  o f  Changing O i l  P r i c e s  on Resource 
E v a l u a t i o n s , i n  J .  Barnea ,  M. Grenon, and R.F. Meyer ( e d s . ) ,  
see [ 4 ] .  
Geological  Analogy 
The p r i n c i p l e  o f  t h i s  method i s  very i n t e r e s t i n g .  I t  r e l i e s ,  
however, on a good d e f i n i t i o n  and knowledge of  o i l  p rov inces  
o r  bas ins .  I n  f a c t ,  a  bas in  i s  t o o  l a r g e  an e n t i t y  wi th  t o o  
many g e o l o g i c a l  f e a t u r e s  t o  be r e a l l y  va luab le ;  t h e  " p l a y m -  
-as  used l o c a l l y  by t h e  o i l  companies--would be much more 
app rop r i a t e ,  b u t  much t o o  smal l  t o  be va luab ly  handled on a 
g l o b a l  s ca l e* .  
Such comparisons of  bas ins  s u f f e r  from va r ious  a d d i t i o n a l  
d i f f i c u l t i e s :  
- The i n t e r n a t i o n a l  o i l  i n d u s t r y ,  e s p e c i a l l y  o u t s i d e  t h e  
US, has  concent ra ted  i t s  p r i o r i t y  a c t i v i t y  on t h e  
s ea rch  f o r  g i a n t  and/or supe rg i an t  d e p o s i t s .  
- Reference b a s i n s  a r e  g e n e r a l l y  chosen i n  t h e  US, because 
of t h e  b e t t e r  knowledge he re  than  i n  many o t h e r  o i l  
p rov inces .  Moreover t h e  geo log ica l  d i v e r s i t y  of t h e  US 
( 4 8  conterminous s t a t e s  p l u s  Alaska p l u s  t h e  o u t e r  con- 
t i n e n t a l  s h e l f )  encompasses a g r e a t  number of  b a s i n  t y p e s .  
However, t h e  i d e a  of  a "good knowledge" of t h e  US o i l  
p o t e n t i a l  has been, and s t i l l  i s ,  unchallenged.  I t  has  
been mentioned** t h a t  2 p e r c e n t  of  t h e  t o t a l  p rospec t ive  
sedimentary volume has been thoroughly explored .  
- Contrary  t o  what i s  o f t e n  claimed, t h a t  w e  have "much 
more" and "much b e t t e r "  knowledge today than  say  twenty 
y e a r s  ago, t h i s  a f f i r m a t i o n  i s  poor ly  supported by a 
con t inu ing  d i s p e r s i o n  of i n d i v i d u a l  assessments  by t h e  
"most h igh ly  r e l i a b l e  expe r t s "  ... I n  f a c t ,  we would 
p r e f e r  t o  say t h a t  ou r  knowledge has  r e a l l y  g r e a t l y  
i nc reased ,  b u t  t h a t  t h e r e  i s  s t i l l  a broad margin f o r  
improvement ( f o r  i n s t a n c e ,  r e c e n t  developments on 
source-rocks) . 
*I am exp lo r ing  t o g e t h e r  wi th  t h e  French Petroleum I n s t i t u t e  
t h e  p o s s i b i l i t y  of an in t e rmed ia t e  q u a n t i t y ,  t emporar i ly  re-  
f e r r e d  t o  as a "b lock" .  A common proposa l  t o  launch an i n t e r -  
n a t i o n a l  program on t h i s  s u b j e c t  i s  being  prepared ,  and has  
a l r eady  r ece ived  some encouragement i n  p r i v a t e  d i s c u s s i o n s  
wi th  r e p r e s e n t a t i v e s  of t h e  i n t e r n a t i o n a l  energy community. 
* * ~ a u d l e ,  B . ,  and M. Dorfman, Un ive r s i t y  of  Texas a t  Aus t in ,  
p r i v a t e  communication. 
